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CERTAIN ASPECTS OF THE CHEMOTHERAPY OF 
SYNTHETIC HYPNOTICS.* 

By S r Upz£ndr\ Nath Br\h\iyciivri, Kt., M.A. M.D., Ph.D., 
F.R.A.S.B., F.N.I. 

It is a great privilege to be asked to preside at the annual meeting of a 
learned society like yours, whose chair was previously occupied by dis¬ 
tinguished persons like v Sir P. C. Ray, Dr. Gilbert J. Fowler and other 
illustrious men. I hive chosen for my discourse a subject which constitutes 
one of the most important applications of chemistry to medicine and there¬ 
fore should interest the votaries of chemistry as well as of medicine. 

As I stated in my presidential address at the Indian Science Congress 
last year ( Proc . Indian Science Congress , 1936, p. 23) the demand for a 
suitable hypnotic has been intense in recent times, because due to the stress 
and strain of modern life, many ask for an ideal draught or a tablet 
or a pill that would gently put them in possession of r tired nature’s sweet 
restorer, balmy sleep.’ From the hypnotics of olden times to recent ones, 
the chemist has travelled a long way, and he is still moving farther and 
farther in the search for better hypnotics. 

The chief advances in our knowledge of hypnotic drugs in recent times 
have bjen (1) the discovery of many new derivatives of the barbituric acid 
series; (2) the introduction of a number of drugs other than alkaloids for 
purposes of basal anaesthesia. The barbituric acid derivatives are perhaps 
the most commonly used hypnotics at the present day. Other recent 
hypnotics not derived from barbituric acid include avertin, although alcohols, 
chlorinated alcohols, aldehydes and urithanes have also come to the fore¬ 
front. 

An ideal hypnotic should be free from any toxic effects, should be 
quickly excreted, give a quiet natural sleep of normal duration in a 
short time, should give rise to no addiction and leave no effects when one 
taking it wakes up in the morning. Such a hypnotic has yet to come. 
Further, the same hypnotic is not suitable for all types of cases and 
sometimes methods other than hypnotics are suitable for individual persons 
for relief of sleeplessness. 

To Hyderabad the history of hypnotics must have a peculiar interest 
because the first Chloroform Commission in the whole of the world was held 
in this great city under the auspices of its illustrious Ruler. Here, as many 

* Presidential address at the thirteenth Annual General Meeting of the Indian 
Chemical Society at Hyderabad, Deccan, 1936. 
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of you may know, Lauder Bruaton made his classical observations on 
anaesthetics, assisted by Lawrie and others. It was in India again that 
Waldie, who was one of the pioneers of chemical research in India 
and who lived in Calcutta, was associated with the discovery of the 
anaesthetic properties of chloroform in 1847. To his memory there is a 
tablet in the rooms of the Royal Asiatic Society of Bengal, containing the 
following words: 


In memory of 
David Waldie 

Born in Linlithgow, Scotland, February 27th, 1813, David Waldie was 
associated with the discovery in 1847 of the anaesthetic properties of 
chloroform. Arriving in Calcutta in 1853, he became the pioneer of 
chemical manufacture in India. He was an active member of this Society 
for twentyfive years and served on the Council for ten years. Died in 
Calcutta, June 23rd 1889. 

As pointed out by Willcox, the classification of hypnotic drugs on a 
purely chemical or pharmacological basis is difficult and unsatisfactory. 
Hypnotic drugs of low toxicity are alcohols, bromides, etc. A chemical 
classification of the synthetic hypnotics may be more or less as follows: 
(1) the alcohols and aldehydes with or without a halogen radical, (2) the 
urea group, (3) sulphone or sulphone-alkyl group, (4) the barbituric acid 
group. 


Alcohols and aldehydes 'with or without Halogens . 

Chloral . 

Chloralamide. 

Chlorobutol. 

Hypnal, a compound of chloral and antipyrine. 

Dormiol, a compound of chloral and amylene hydrate. 

Ural, a compound of chloral and urethane. 

Isopral is trichlorotsopropyl alcohol. 

BromaL 

Paraldehyde. 

Amylene hydrate. 

Aponal, a compound of amylene hydrate and urea. 
Hedonol is isomeric with aponal. 

Neuronal , diethylbromide acetamide. 

Avertin is tribromoethyl alcohol. 
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The Urea Group. 

Urethane —Ethyl carbamate. 

A leudrin —Dichloroisopropy 1 carbarn ate. 

Uradal or adalin is bromodiethyl acetylurea. 

Uvaleral or bromuml or dormigene is a monobromotsovaleryl urea. 
Somnosal is a proprietary preparation composed of a mixture of 
bromural and dimethylaminophenyhnethyh'sopyrazolon. 

Voluntal —urethane of trichloioetliyl alcohol. 

Sulphone 01 Sulplionc-alkyi Gioup. 

Sulphonal is dimethylmethanc dictliylsulplione. 

Trional is methylsulphonal. 

Tetronal is ethylsulphonal. 


The Barbituric Acid Group. 

Barbitone or veronal is diethylbarbituric acid. 

Sodium baibitone or mcdinal is the sodium salt of barbitone. 

Proponyl is dipropylbarbituric acid, and 
Neonal or soneryl is N-butylethylbarbituric acid. 

Dial is diallylbarbituric acid. 

Phenobarbitone or luminal is diphenylbarbituric acid. 

Sodium luminal is its sodium salt. 

Phanodorm is cyciohexenylethylbarbituric acid. 

Evipan is N-methylcycZohexenylinethyl barbituric acid, and 
Sodium evipan or evipal is its sodium salt. 

Penio-barbitone is ethylmethylbutylbarbituric acid, and its sodium 
salt is Nembutal. 

Ipral is calcium ethyltsopropylbarbituric acid. 

Allonal is a combination of allylisopropyl barbituric acid with 
amidopyrine. 

Veramon , a combination of veronal with amidopyrine. 

Gardenal is phenylethylbarbituric acid. 

Cibalgtn is a combination of dial and amidopyrine. 

Somnifaine is a combination of allyl/scpropylbarbiturie acid and 

veronal. 

Sodium hebaral is the sodium salt of hexylethylbarbituric acid. 

Beatol is a proprietary preparation said to be a mixture of veronal with 
extracts of valerian and jusquimane. 
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Quadronox is a proprietary preparation said to contain 80% veronal, 
with phenacetin, phenazone, etc. 

Amytal is isoamyletbylbarbituric acid. 

Pernocton is 2-butylbromoethylbarbituric acid. 

Sandoptal is wobutylallylbarbituric acid. 

R \ / C() “ NH \ 

The barbiturates conform to the general formula /(X /CO 

R' x XX)- NH X 

where R and R' represent alkyl or aryl groups. 

As already mentioned the barbituric acid derivatives are perhaps the 
most commonly used hypnotics at the present day. When taken by the 
mouth they are quickly absorbed and within an hour or so after a clinical 
dose sleep usually ensues. 

The addition of alkyl or aryl radicles of higher molecular weight 
than ethyl adds to the toxicity of the substance, thus luminal, dial, 
proponal, gardenal, soneryl and nembutal are all more toxic than veronal. 

The combination of a barbituric acid compound with an analgesic 
drug such as amidopyrine, phenacetin, etc. occurs in veramon, allonal, 
cibalgin, and quadronox and appears according to some to be dangerous 
since the barbituric acid compound is much more toxic than the analgesic 
drug, and this may lead to an overdosage of the barbiturate when the prepa¬ 
ration is taken in large doses to relieve pain. 

Introduction of sodium in the barbituric acid group makes the product 
soluble. This confers greater speed in action—for example, barbitone 
sodium or medinal is far more soluble and quicker in action than simple 
barbitone or veronal. Solubility also makes it possible for one to inject 
the drug. 

The simpler amides are without any appreciable narcotic action, and it 
it is only with the fifth and subsequent members of the series—valerylamide, 
C4lIo’CO)NH 2 that any signs of narcotic activity are shown. Aliphatic 
amides containing longer carbon chains than valerylamide and the next two 
members of the series show but little narcotic action, so that the range of 
simpler aliphatic amides showing such activity is confined to those contain¬ 
ing the carbon chains, five, six or seven units in length. 

The effect of replacing the hydrogen of the CH S group of acetamide by 
alkyl groups is said to inciease its narcotic action. 

If valerylamide is converted to its A r -diethyl derivative ( 1 ) it does not 
lose its narcotic activity. This has led to its use in dealing with hysterical 
or neurasthenic cases. 
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/OT 5 

CH 3 'CH 2 -CH 3 -CH 2 ‘CO-N< 

x c 2 h b 

(I) 

The complete replacement of ethyl groups of the A’-hydrogen atoms in 
many of the acid amides, as in dipropylacetodiethylamide (II) leads to the 
formation of compounds without either narcotic or paralytic actnity. 

CH,-CH 2 -CH. 2 v /CHa-CH.i 

>CHCO-N< 

CH/CHa-CHs/ N CH./CH 3 

(II) 

The urethanes occupy a place midway between the simple amides and 
ureas, and are the esteis of the half amide of carbonic acid. They exert 
a pronounced narcotic action. Ethylurcthane (III) possesses a mild narcotic 
action. Many of the substituted urethanes are more active than the parent 


CO 


< 


0*C,H, 

NH 2 

(HI) 


och/ 

CO\ 

n nh 2 


ch 3 

ch 2 ch 3 -ch 3 


(IV) 


co 


< 


X'H 

o-c \gg 

NHo 


3 

3 

3 


(V) 


ethyl derivative. Thus methylpropylcarbinol urethane (Hedonal, IV) has 
been advocated as a safe hypnotic for general use- The minimum narcotic 
dose values show it to be appreciably less narcotic than the simple ethyl 
urethane, but the tertiary butyl derivative (V) is more active. The introduc¬ 
tion of halogen atoms, as is general with this type of compound, is attended 
with a considerable increase in narcotic activity. Thus aa'-dichloroiso- 
propyl carbamic ester (Aleudrin, VI) has a minimum narcotic dose value 
When the NH 2 -group is substituted by aryl residues as in plienylethyl- 
urethane (VII), the narcotic action disappears and an antiseptic action results* 
Whist the isomeric unsymmetrical dichlorotsopropyl carbamic ester is 
claimed to be a useful hypnotic (Sen, /. Indian Chcm. Soc., 1924, 1 ,18; 
Biochem. Z., 1924, 181 , 52), voluntal (Linter and Luers, Z. physikal.Chem . t , 
88* 122; Willstater, Ber., 1923, 86, 2283) is also used as a hypnotic, supply 
thereby a mitigated chloral. 
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Quadronox is a proprietary preparation said to contain 80% veronal, 
with phenacetin, phenazone, etc. 

Amytal is isnamylethylbarbituric acid. 

Pernocton is 2-butylbromoctliylbarbituric acid. 

Sandoptal is isobutylallylbarbituric acid. 

R v /CO-NHv 

The barbiturates conform to the general formula yCO 

vr XX)- NH X 

where R and R' represent alkyl or aryl groups. 

As already mentioned the barbituric acid derivatives are perhaps the 
most commonly used hypnotics at the present day. When taken by the 
mouth they are quickly absorbed and within an hour or so after a clinical 
dose sleep usually ensues. 

The addition of alkyl or aryl radicles of higher molecular weight 
than ethyl adds to the toxicity of the substance, thus luminal, dial, 
proponal, gardenal, soneryl and nembutal are all more toxic than veronal. 

The combination of a barbituric acid compound with an analgesic 
drug such as amidopyrine, phenacetin, etc. occurs in veramon, allonal, 
cibalgin, and quadronox and appears according to some to be dangerous 
since the barbituric acid compound is much more toxic than the analgesic 
drug, and this may lead to an overdosage of the barbiturate when the prepa¬ 
ration is taken in large doses to relieve pain. 

Introduction of sodium in the barbituric acid group makes the product 
soluble. This confers greater speed in action—for example, barbitone 
sodium or medinal is far more soluble and quicker in action than simple 
barbitone or veronal. Solubility also makes it possible for one to inject 
the drug. 

The simpler amides arc without any appreciable narcotic action, and it 
it is only with the fifth and subsequent members of the series—valerylamide, 
C^Ig’CO’NHg that any signs of narcotic activity are shown. Aliphatic 
amides containing longer carbon chains than valerylamide and the next two 
members of the series show but little narcotic action, so that the range of 
simpler aliphatic amides showing such activity is confined to those contain¬ 
ing the carbon chains, five, six or seven units m length. 

The effect of replacing the hydrogen of the CH 3 group of acetamide by 
alkyl groups is said to increase its narcotic action. 

If valerylamide is converted to its AT-diethyl derivative ( 1 ) it does not 
lose its narcotic activity. This has led to its use in dealing with hysterical 
or neurasthenic cases. 
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/CIH, 

CH3*CH 2 'CH 2 ‘CH 2 ’CON\ 

N C 2 H 5 

(I) 

The complete replacement of ethyl groups of the N-hydrogen atoms in 
many of the acid amides, as in dipropylacctodiethylamide (II) leads to the 
formation of compounds without either narcotic or paralytic activity. 

CH.,-CH 2 ’CH 2 v /CHa'CHj 

>CHCON< 

CH/CHa-CHs^ X CH./CH S 

(II) 

The urethanes occupy a place midway between the simple amides and 
ureas, and are the esters of the half amide of carbonic acid. They exert 
a pronounced narcotic action. Ethylurethane (III) possesses a mild narcotic 
action. Many of the substituted urethanes are more active than the parent 


CC K. 


/CH 3 

O’O H OCHK 
OC 2 H fl X CH 2 CH 2 -CH s 


CO 


nh 2 

(III) 


\ 


•NH 2 
(IV) 


CO' 


< 


yCH 


NB S 


3 

3 
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(V) 


ethyl derivative. Thus lnethylpropylcarbinol urethane (Hedonal, IV) has 
been advocated as a safe hypnotic for general use- The minimum narcotic 
dose values show it to be appreciably less narcotic than the simple ethyl 
urethane, but the tertiary butyl derivative (V) is more active. The introduc¬ 
tion of halogen atoms, as is general with this type of compound, is attended 
with a considerable increase in narcotic activity. Thus aa'-dichloroiso- 
propyl carbamic ester (Aleudrin, VI) has a minimum narcotic dose value 
When the NH 2 -group is substituted by aryl residues as in phenylethyl- 
urethane (VII), the narcotic action disappears and an antiseptic action results. 
Whist the isomeric unsymmetrical dichlorotsopropyl carbamic ester is 
claimed to be a useful hypnotic (Sen, /. Indian Chem. Soc. t 1924, 1 ,18; 
Biochem. Z., 1924, 151 , 52), voluntal (Linter and Luers, Z. physikal. Chem ., 
88 ,122; Willstater, Ber., 1923, 56 , 2283) is also used as a hypnotic, supplying 
thereby a mitigated chloral. 
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yCH s Cl 

0 ’CH< 

> x:h 2 ci 
coc 
x nh 2 

(VI) 


NH-COO-C 9 H 9 



(VII) 


Concerning the higher aliphatic derivatives ot urea a generalisation 
may he made somewhat similar to that which applies to the active amides 
namely, that the branched chained compounds are invariably more narcotic in 
their action than those with normal chains and that a tertiary formation con¬ 
taining a preponderance of ethyl groups favours the development of narcotic 
activity. Thus, ter-butylurea (VIII) is a compound with slight narcotic proper¬ 
ties, while the <er-amylurea (IX) in which one of the methyl groups has been 
replaced by an ethyl group produced a ten-hours’ sleep in the same animal 
in a dose of two grams. The leplaccment of all the methyl groups by ethyl 
groups as in the ter -heptylurca (X) gives a more powerful compound of 
which i g. only was required to produce a six-hour’s sleep. It will be 
remembered that the three alcohols containing the te»-butyl, ter-amyl and 
ter-heptyl residues (XI—XIII) have also a hypnotic action, and that the 


/CH S 

NIVCO-NH-Cf CH S 
'CH3 

(VIII) 


OH 1 

nh 2 -co-nhc^ch5 

\C 2 H 5 

(IX) 


NH 2 -CO’NH’ 



5 
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(X) 


CH«\ 
CH S —C*OH 
CH S / 

(XI) 


CH S \ 

ch 3 —c-oh 
c 2 h 5 / 

(xn) 


c 8 h 6 \ 

C 2 H 5 —C-OH 
C 2 H 5 / 

(XIII) 


magnitudes of their activities are of the same relative order as those of the 
simple ureas. 
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The halogenation of acid amides and ureas almost invariably enhances 
their physiological activity. Among the first instances discovered of this 
action was that of the increase of activity obtained by broininating diethyl 
acetamide. The latter compound has only a moderate narcotic action, 
during a slight stupor, but bromodiethyl acetamide (Neuronal, XIV) has a 
comparatively strong narcotic action, producing a twenty-six hours* sleep. 
Similar increases in activity, not so pronounced however, are observed when 
ethylpropyl and dipropyl acetamide are converted into their bromine 


c 2 h 5 \ 

c 2 h 5 —c-co*nh 3 

/ 

Br 

(XIV) 


c 2 h»i\ 

c 2 h"-~cco*nh*co*nh 2 

Br 


(XV) 


derivatives, whilst the acetyl derivative (XVI) of bromodiethylacetylurea 
(XV) lias a hypnotic action superior to that of the parent body. It is to be 
noted, also, that the isomerof bromodiethyl acetamide — bromocaprylurea 
(XVII) is only one-fifth as active as that compound, a fact which further 

C*H 5 \ 

C 2 H 5 —C-CONH*CO-NHCO‘CH 3 NH 2 -CO'NH*CO-C 5 H 10 Br 

Br 

(XVI) (XVII) 


indicates the necessity of a tertiary hydrocarbon residue in building up 
hypnotics of this class. 

The bromination of valerylamide and its corresponding urea derivative 
also leads to the foimation of compounds of enhanced activity. Thus, 
a-bromoisovalerylamide produces a fairly deep sleep, and <x-bromowovaleryl 
urea (Bromural) has been fairly used in practice Curiously enough, the 
lower members corresponding to these compounds, c.g., oubromomethyl- 
eihyl acetylthiourea and cx-bromoisobutyrylurea have but little hypnotic 
activity. 

The question of the effect of the nature of the halogen atom upon the 
physiological action of compounds in this series, has been investigated in the 
case of the halogen compounds of tsovalerylurea. tsoValerylurea itself 
has a comparatively slight narcotic action, but cx-bromowovalerylurea 
is a fairly good narcotic producing sleep. a-Chloro/sovalerylurea is 
less narcotic. The introduction of iodine in place of chlorine, giving 
tx-iodovalerylurea, appears to destroy almost completely the narcotic action. 
The simplest cyclic ureas are the hydantoins, concerning the physiolo¬ 
gical action of which but little is known. Hydantoin itself (XVIII) is physio- 
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logically inactive, and the //-diethyl derivative, (XIX) corresponding to 
diethylacetylurea, possesses a certain narcotic action, which is nevertheless 
less than the last mentioned substance. The replacement of one of the ethyl 


NH-CH 2 

i 

Co 

I 

NH-CO 

(XVIII) 


NH- 

I 

CO 

NH-CO 

(XIX) 


C 2 H 5 

c 2 H 0 


c 2 h,, 


r < 


NH- 

I [ 


C() 

I 

NH-CO 

(XX) 


CJHi 


groups by a phenyl residue greatly increases the narcotic activity and gives, 
in yy'-phenylethylhydantoin (XX) a compound which by reason of its 
prompt narcotic working and freedom from unpleasant secondary eflects is 
used in practice (Nirvanol). 

The group oi cyclic ureas which have been most widely investigated are 
themalonylureas, of which malonylurea itself (XXI) is the parent compound. 
The peculiar ease with which chemical derivatives of malonic ester can be 
prepared, accounts in some measure for the large number of members of this 
series of compounds which have been examined. 

The narcotic action of malonylurea is insignificant, and can scarcely be 
said to exist. It is, however, a striking fact that a certain rough parallelism 
exists between the activity of the malonylureas and of the sulphones, 
especially in that the methylene group ( ; ‘) must be elaborated up to a certain 
size by the substitution of its hydrogen atoms with alkyl groups before the 
narcotic activity becomes pronounced. Thus, the four compounds methyl, 

NH-CO NH-CO 

/ \ / \ 

CO CH 2 * CO CH'CHs 

\ / \ / 

NH-CO NH-CO 

(XXI) (XXII) 


NH-CO 

/ \ 

CO ch-c s h 7 
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NH-CO 


(XXIII) 
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(XXII) dimethyl, ethyl and propyl, (XXIII) malonylureas are all without 
any appreciable narcotic activity. The methylethyl derivative (XXIV) is, 
however, a mild narcotic, producing sleep, whilst diethylmalonylurea (XXV) 
(Veronal) is a powerful narcotic producing a deep sleep. The isomeric 
methylpropylmalonylurea (XXVI) is less active than the diethyl compound, 
producing only a mild stupor. There is no appreciable increase in narcotic 
effect when one of the ethyl groups of diethylmalonylurea is replaced by a 
propyl group, but the corresponding dipropyl compound (XXVII) is 
somewhat more active. Any increase in size of the carbon chains above 
that corresponding to two propyl groups is attended by a diminution in 


OC 
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(XXIV) 
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NH-CO C 3 H 7 

/ \/ 

OC c 

\ /\ 

NH-CO CH 3 

(XXVI) 

narcotic activity. Thus, ditsoamylmalonylurea (XXVIII) produces only a 
kind of drowsy intoxication. The replacement of simple alkyl groups by 
unsaturated residues appears to produce only a slight increase in the narcotic 
activity compared with that of the corresponding saturated derivative. 
Thus, diallylmalonylurea (XXIX) (Dial) is almost equally as active as the 
dipropyl compound. 

NH-CO CH 2 -CH 2 *CH 3 

/ \/ 
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NH CCX ,CH 2 CH = CH 

\ 0 / 

NH— qz / N:h 2 -ch=ch 


2 

2 


(XXIX) 


The effect of various modifications in structure upon the activity of 
malonylureas shows that for the development of narcotic properties the 
structural type must be kept within compaiatively narrow limits. Replace¬ 
ment of the oxygen of the urea group of diethylmalonyl urea by sulphur, 
as in thioveronal (XXX) does not appear appreciably to alter the hypnotic 
activity, although a considerable increase in toxicity is noticed. Methyla- 
tion of the imino groups acts similarly, giving a fairly toxic compound, 
(XXXI), while the corresponding dibromopropyl compound (XXXIII) 
(Diogenal) finds use in practice as a rapid and powerful hypnotic. 


/NH-COv /CaH * 
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The use of a side-chain in which the bromine is attached to an unsatur¬ 
ated carbon atom has been found particularly active in developing the 
hypnotic activity of the malonylurea series. Thus fl-bromopropenyl- 
propylbarbituric acid (Noctal) (XXXII) has a powerful hypnotic action and 
produces a six-hour’s sleep in proper doses. 
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The opening of the ring malonyl is invaiiably associated with the 
almost complete inhibition of the narcotic activity. Thus, even with 
veronal, the corresponding open-chain compound diethylmalonic acid 
ureide (XXXIV) is quite inactive. 
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Amidopyrine. 

Attempts to confer pain-relieving qualities on the barbiturates have 
not been very successful. The closest approaches to a solution which has 
been made up to the present are the association of a barbiturate nucleus 
with amidopyrine in Pfeiffer’s compound, used in veramon, and the linkage 
with a member of the morphine group in Didial and Condeonal. Amido¬ 
pyrine, a derivative of antipyrine, is well known under the registered name of 
Pyramidon, and appears to possess greater analgesic properties than anti¬ 
pyrine itself or other members of the coal-tar group. Its pain-relieving 
powers are enhanced by admixture with a simple hypnotic, possibly because 
the latter diminishes the patient’s anticipation of pain. The fact has been 
made use of in a popular modern series of pain-relieving mixtures which 
fall outside the Dangerous Drugs Acts. 

In each case pain-relief is due to amidopyrine combined rather mechani¬ 
cally or molecularly with a simple hypnotic. A barbitone derivative with 
pain-relieving qualities in its own right is still to be found. 

Up to recent times, the derivatives of amidopyrine weie considered to 
be of low toxicity. Recent observations have shown that they are respon¬ 
sible for an almost fatal condition known as agranulopenia. They have, 
therefore, to be used with very great caution. 

The Margin of Safety in a Hypnotic. 

The actual potency does not concern us much. It is just as easy to 
give five grains of one drug as one grain of a more potent one. The point 
of practical importance is the margin of safety between the hypnotic dose 
and the lethal one. This is represented by the ratio M. L,. D./M. Th. D. 
The higher this figure, the safer the drug. Quoting from the literature : 
luminal is 1*3 ; barbitone 1*6 ; soneryl, nembutal and phanodorm, 2*4; 
dial, 2*5 ; evipan, 5. From this it would appear that it is not very safe 
to employ luminal in full hypnotic doses, although in sedative or anti¬ 
epileptic dosage it is free from immediate risk. 

Duration of Sleep to be Expected. 

The effect of a sleeping draught should last many hours, but die away 
before morning. For a basal anaesthetic a much shorter duration is desirable. 
Quoting once more from available literature :—Human therapeutic dosage : 
sodium evipan, intravenous, lasts twenty minutes and evipan by mouth, 
two hours. Rats with coma dosage : nembutal, four and a half hours, 
pemocton, five hours ; amytal, six to thirty hours ; barbitone, eighteen to 
thirty-six hours- The duration of narcosis produced by the dial group 
lies between the evanescent basal anesthetics and that of diowsy barbitone 
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itself. As judged by these two considerations of safety and duration alone 
the basal anaesthetics of choice are evipan and nembutal. Practical experi¬ 
ence appears to justify this conclusion. 

In 1927 a paper was read by Dr. F. A. Pickworth in which it was 
shown by animal experiments that actual degenerative changes occurred in 
the nerve-cells after the prolonged administration of barbituric acid com¬ 
pounds . This work had l>een carried out by the late Sir Frederick Mott in 
conjunction with Dr. Pickworth. There is, therefore a pathological basis 
for the toxic nervous symptoms which are observed clinically. 

In the stage of intoxication which precedes narcosis susceptible 
patients show excitement, which may hinder rather than promote sleep. 
The preventive for such trouble is a preliminary dose of bromide. In 
certain cases, therefore, bromine has been introduced into the barbiturate 
nucleus—for example, noctal, pernocton. 

There are many urea derivatives other than the malonylureas, and 
some of them are first class hypnotics. They are not barbiturates, and are 
particularly useful for patients with idiosyncrasies and for those who have 
become habituated to barbiturates. 

May I now refer to the hypnotic properties of the extracts from the 
root of Rauwolfia Serpentina. As early as March 1912, the speaker read a 
note on its alkaloidal principles and therapeutic properties in a meeting of 
the Asiatic Society of Bengal. The extracts have marked hypnotic proper¬ 
ties and are specially indicated in certain forms of insanity. Since the 
above paper was read, much work has been done on the chemistry of the 
drug and many alkaloids have been extracted from the roots. Its hypnotic 
properties may lie due to these alkaloids. 

It would be more in keeping with the dignity and traditions of the 
profession of medicine and chemistry if independent pharmacological re¬ 
search could be endowed in our medical schools and universities sufficiently 
well to enable us to make our own discoveries. The credentials of every 
new hypnotic should be carefully examined before a single dose is prescribed. 

Now I come to the end of my address and in doing so, I cannot help 
referring to the various accomplishments, the courteous and unassuming 
manners, the warmth and benevolence of heart which distinguish the 
gentleman who has been nominated by the Council to succeed me in this 
chair and I rejoice most sincerely that the Society possesses amongst its 
members a person who, is so well qualified to preside over our meetings, 
to watch over our interests and help us in our deliberations, and who has won 
for himself a high international reputation for his researches. May our 
Society prosper under the presidentship of Dr. J. C. Ghosh. 



SYNTHESIS OF NEW LOCAL AN/ESTHETICS. PART I. 

By K. N. Gaind. 


Novy ( Atner . Chem. /., 1888, 10 , 145 ; also cf. Merck, Ber., 1885, 18 , 
2954; ibid., 1888,21,48) prepared different esters of benzoyl ecgonine and found 
that the higher the alcohol the more pronounced is the local anaesthetic proper¬ 
ty. Since the simplest compounds that can possess the local anaesthetic pro¬ 
perty are the benzoylated hydroxyamino acids, therefore it seemed of inte¬ 
rest to synthesise substances possessing the general formula (I, R Wbs H), 
and vary R to find out if there is any change in activity. 


COOR 

Me'C'O'CO^ ^>R' 
R"-CH-NEt 2 
(I) 


COOH 

I 

Me—C'OH. 

I 

CH a Cl 

(II) 


These have been prepared by converting monochloroacetone via its 
cyanhydrin to the corresponding chlorohydroxyisobutyric acid (II) 

The acid was esterified with various alcohol (ethyl, propyl, isopropyl, 
benzyl), and then the chlorine atom was replaced by reaction with diethylamine 
under pressure. The hydroxyl group in (II) was benzoylated or ^-nitroben- 
zoylated and in the case of the £-nitrobenzoyl derivative, the product was 
further reduced to />-aminobenzoyl derivative (I, R'=-NH 2 , R" = H) usingthe 
platinum oxide catalyst. 

The cyanhydrin of chloroacetone, which could not be prepared satisfac¬ 
torily by the method of BischofT (Bet., 1872, 5 ,865 ; cj , Fourneau, Bull. Soc. 
chirn., 1909, iv , B, 229), was obtained from the bisulphite additioii product of 
chloroacetone by interaction with the calculated amount of potassium cya¬ 
nide. The cyanhydrin was transformed to the corresponding hydroxy acid 
by fuming hydrochloric acid. The chlorohydroxy acid, thus obtained, was 
esterified with various alcohols. 

Chloroethylmethyl ketone was prepared by the chlorination of ethyl- 
methyl ketone (Forster and Fierz, J. Chem. Soc., 1908, 93 , 675) and the two 
chloro compounds, Me’CH (Cl)‘CO’Me and Me*CH 2 ‘CO'CH 2 Cl were sepa¬ 
rated by distillation in vacuo. The former was converted into its cyanhydrin 
and *then hydrolysed. The resulting acid. Me * CH (Cl)' C (OH) (COOH)Me 
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purified via its zinc salt, was esterified and then reacted with diethylainine 
and finally benzoylated giving (I, R"=Me, R'=H). 

All the compounds described in this paper have strong local anaesthetic 
action as tested by rabbits' cornea method. A full detail of these cxpeii- 
ments would be published elsewhere. 


Experimental. 

Freshly distilled chloroacetone (46 g.) was treated with a saturated solu¬ 
tion of sodium bisulphite (54 g.) in small portions at a time and the rise of 
temperature was avoided by cooling in ice. The reaction was completed at 
5° by allowing to stand for some time. A solution of potassium cyanide 
(65 g. in 130 c.c. of water) was slowly added to the mixture at 5 0 with 
stirring when the solids were replaced by an oily layer which was extracted 
several times with ether, dried, solvent recovered and then distilled, b-p- 
110 0 1 22 mm., yield 46 g. ( cf . Bischoff, loc. cit.). 

P-Chloro-a-hydroxyisobutyric Acid. —The foregoing nitrile (46 g.) uas 
hydrolysed by fuming hydrochloric acid (60 c.c.), first at room temperature 
for 2 hours and then at 100 0 for 4-5 hours. The ester was isolated 
in the usual manner and crystallised from benzene, m.p. no°. (cf. Four- 
neau, loc. cit.). 

Benzyl P-chloro-a-liydioxyisobutyrate. —The above acid (13 g.) was 
esterified with benzyl alcohol (30 g.) with hydrogen chloride by heating at 
ioo° for 12 hours. The ester, isolated in the usual manner, had b.p. 
i 85°/45 nim. (Found : Cl, 1545. CnH 13 0 3 Cl requires Cl, 15*52 per cent). 

Benzyl P-diethylamino-a-benzoyloxy-isobutyratc (I, R = CH 2 Ph ; R' = 
R"=H). A mixture of the above benzyl ester (20 g.), diethylamine 
(59 g- of 33^ solution in benzene) was heated under pressure at 150° for 6 
hours. The precipitated hydrochloride of diethylamine was separated and 
the benzene solution was freed from the solvent in vacuo. The residual oil 
was extracted with 2iV-hydrochloric acid and the solution extracted with 
ether. The hydrochloric acid solution was concentrated and basified in the 
cold with sodium carbonate and extracted with ether. Tne ethereal solutioh 
furnished an oily base which decomposed on distillation in vacuo. Hence 
the crude base was directly benzoylated with benzoyl chloride and 
sodium bicarbonate solution. The benzoyl derivative was crystallised 
from hot dilute alcohol in needles, m.p. 63°. (Found: N, 3*9. C22H27O4N 
requires N, 3*79 per cent). 

It was converted into the hydrochloride in dry ether with hydrogen 
chloride and purified by crystallisation from a mixture of ether and alcohol 
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as slender needles, m.p. 198°. (Found : N, 35 ; Cl, 8*9. C a aHa 8 0 4 NCl 
requires N, 3-45 ; Cl, 8 # 75 per cent). 

Hydrochloride of Benzyl fi-diethylamino-Q‘-[p-nitro)-benzoyloxyi$Q - 
butyrate (I, R = CH 2 Ph ; R' = N 0 2 ; R" = H).—A mixture of ^diethyl- 
amino-a-hydroxywobutyrate (3 g.) and f>-nitrobenzoyl chloride (3 g.) was 
heated at 160 0 for i \ hours. The mixture was treated with dry ether and the 
insoluble residue was extracted with boiling acetone whence on concen¬ 
tration slightly brown needles, m. p. 190°, were deposited. The product 
was crystallised from a mixture of alcohol and ether, m.p. 195 0 . (Found : 
Cl, 8*o. C22H27ON2CI requires Cl, 7*88 per cent). 

Hydrochloride of Benzyl fi-diethylamino-a-ip-amino) benzoyloxy- iso- 
butyrate (I, R = CH 2 .Ph, R' = NH 2 ; R" = H).—The above compound 
(1 g.) in absolute alcohol (50 c.c.) was reduced using platinum oxide 
catalyst (o’i g.) (cf . /. Amer. Chem. Soc. t 1922, M, 1397). After the 
removal of the solvent, the residue was crystallised from a mixture of 
alcohol and ether, m.p. 175 0 . (Found : N, 69 ; Cl, 8's. C 22 H 29 0 4 N 9 C 1 
requires N, 6-82 ; Cl, 8^46 per cent). 

Propyl P-chloro-a-hydroxyisobutyrate had b.p. ioo°/i3 mm. (cf. Four- 
neau, “ Organic Medicaments,” 1925, p. 222). 

The above ester was converted into the diethylamino derivative as 
described in the case of benzyl ester. The base in this case also resisted 
purification and therefore it was benzoylated as described before. The 
propyl P-diethylamino-a-benzoyioxyisobutyrate (delicate needles) melted at 
56°. (Found : N, 4'3. C| 8 H 27 0 4 N requires N, 4*36 per cent). The 
hydrochloride melted at 217 0 . (Found : Cl, io'i. Ci 8 H 28 0 4 NC 1 requires 
Cl, 993 per cent). 

The iso propyl P-chloro-a-hydroxy isobutyrate, prepared in an analogous 
manner, had b.p. iio°/x2 mm. It was reacted with diethylamine and then 
benzoylated. The iso propyl ( 3 -diethylamino-o.-benzoyloxyisobutyrate 
had m.p. 44 0 after crystallisation from dilute alcohol. (Found : N, 4'j. 
C18H27O4N requires N, 4^6 per cent). The hydrochloride, m.p. 207°, was 
crystallised from a mixture of alcohol and ether. (Found : Cl, 100. 
C18H28O4NCI requires Cl, 9'93 Per cent). 

a-Hydroxy-a-chlorovaleronitrile [Me‘CH(Cl)’C(OH)(CN)’Me] was pre¬ 
pared from a-chloroethylmethyl ketone (not always homogeneous, vide 
below) via the bisulphite compound as described before. 

The crude nitrile (5 g.) could be hydrolysed with fuming hydrochloric 
acid (30 c.c., d 126) by heating on the water-bath for 4 hours. After 
cooling the separated acids were extracted with ether and the residue from 
ether was converted into zinc salt by neutralisation with zinc carbonate. 
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The zinc salts were crystallised from hot water, the first crop being pure 
zinc salt of ^-hydroxy-/ 3 -chlorovaleric acid, whence the acid, m-p. 92 • 
(cf. Annalen, 1890, 287 . 123) was isolated. In the case of benzyl ester, the 
tedions process of purification of the acid can be avoided by directly 
esterifying the crude nitrile. With benzyl alcohol, the resulting esters are 
separable by fractional distillation. 

A mixture of the above nitrile (20 g.) and benzyl alcohol (60 g.) was 
saturated with hydrogen chloride at o° and then heated at ioo° for 5 hours. 
After decomposition with boiling water, the resulting ester (A) was extracted 
with ether, dried, and distilled at i8o°/20 mm. A second ester (B), b.p. 
210 0 /20 mm., may be admixed with the above if the chloroketone is not 
pure, presumably arising from an isomeric chloroketone. 

The esters (A), and (B) when analysed gave Cl, 14*4 and 14*5 respective* 
ly. CibHkjOjCI requires Cl, i4‘67 per cent. 

The two esters were reacted separately with diethylamine and then 
benzoylated in the usual manner and the benzoyl compound derived from 
the ester (A) had m.p. 61 0 after crystallisation from alcohol, whilst the 
corresponding benzoyl derivative from (B) had m.p. 47 0 . (Found in A : 
N, 3’8 ; in B : N, 3‘6. C23H29O4N requires N, 3'65 per cent). 

The two hydrochlorides had m.p. 207° and 235° respectively [Found 
in the hydrochloride derived from the ester A: Cl, 8 '5; and that from B : 
Cl, 84. C23H30O4NCI requires Cl, 8'46 per cent). 

The author is inclined to the view that the ester (A) has the structure 
Me'CH(Cl)'C(OH)(COOCH 8 Ph)‘Me, whilst the ester (B) is probably 
Me'CHa’C(OH) (COOCH2Ph)'CH 2 Cl. But at present definite proof is 
lacking for confirmation of the view. Both the hydrochlorides have strong 
local anaesthetic action. 

The author’s best thanks are due to the Lady Tata Memorial Trust for 
a scholarship and to Professors P. C. Guha and J. N. R&y for their 
interest and guidance. 


The University Chemicai, 
Laboratories, Lahore. 
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THE ELECTROCHEMICAL PROPERTIES OF PALMITIC 
ACID HYDROSOLS. 

By Sudhamoy Mukherjee. 

The study of the electrochemical properties of colloidal solutions of 
acidic substances has received considerable attention in recent years. Colloi¬ 
dal solutions are often treated as homogeneous systems possessing the 
properties of acids in true solution (Pauli and Valko, ° Elektroche- 
mie der Kolloide,” 1929; Buchner, " Colloid Chemistry” by Alexender 
1926, pp. 126-136). The work of Mukherjee and co-workers (a connected 
account of their work and references to literature have been given in a 
paper by J.N. Mukherjee, R. P. Mitra and S- Mukherjee, to be published 
shortly in the transactions of the National Institute of Sciences of India) 
on the other hand has drawn attention to their polyphase character and to 
the part played by the electrical double layer in such systems. Investiga¬ 
tions on silicic acid sols and on acid clay sols have shown that interactions 
of these systems with electrolytes consist mainly of interchanges of ions 
present in the electrical double layer surrounding the particles. The 
present investigation on colloidal solutions of palmitic acid was undertaken 
tirith a view to examine its behaviour in the light of the above theoretical 
stand-points. 


Experimental. 

Preparation of Palmitic Acid Sol .—Pure palmitic acid (Kahlbaum) 
was dissolved in absolute alcohol (Merck's Reagent) so as to obtain a satu¬ 
rated solution The clear solution was added drop by drop to boiling 
conductivity water (specific conductivity 1*3X10’° mho). Part of the 
palmitic acid, instead of being dispersed colloidally, floated on the surface 
in the form of solid particles. The sol was boiled for about 2 hours in 
order to drive off the alcohol. It was stocked, while hot, in the stocking 
vessel in an atmosphere of pure hydrogen. Fine sols without visible 
aggregates were obtained. The sol remained unchanged for about 10 days 
during which the measurements were made. On keeping for a longer 
period, aggregates begin to appear. 

The stocking vessel-— The apparatus consists of a Jena glass bottle 
fitted with a normal burette by a ground-glass joint. It is so devised that 

3 
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the sol can be stocked and transferred in an atmosphere of hydrogen gas 
without coming in contact with atmospheric air. The sol comes in contact 
only with Pyrex and Jena normal glass surfaces and the system of glass 
apparatus is able to stand a vaccum of 75 cm. of mercury without showing 
any leakage. The arrangement is the same as described by Mukherjee and 
co-workers ( Indian J. Agric . Sci., 1932, 2 , 638 ; 1936, 6, 577). 

The titration Cell. —The titration cell is of the same type as described by 
Mukherjee and co-workers (loc. cit.). 

Potentiometric Measurements.— & Cambridge potentiometer reading up 
to 0*2 milli-volt and a Leeds and Northrup galvanometer of high current 
sensitivity (4 x 10” 11 amp.) were employed. The normal calomel half cell 
was used as the reference electrode. 

Conductivity Measurements. —The source of A. C. was a Vreeland 
oscillator working at 500 and 1000 cycles per second. A recalibrated Curtis 
coil resistance box and a Leeds and Northrup marble drum bridge w ere 
used in the assembly. An air condenser of adjustable capacity was 
connected in parallel with the resistance box in order to balance the capacity 
of the cell. - 

Precautions against Electrical Leakages. —For preventing electrical 
leakages, which are often very troublesome, the following precautions were 
taken : (a) The experimental table was covered w r ith an earthed metal 

sheet, (b) All electrical connections were made with lead covered Henley 
wires, the outer covers being earth connected, (c) All exposed terminals, 
etc., were protected with insulating tapes and covered wrth earthed coppei 
gauze. 

The Hydrogen Geneiatoi . Hydrogen gas was obtained by the electro¬ 
lysis of caustic soda solution in a U-tube with platinum electrodes. The gas 
was purified by passing through concentrated sulphuric acid, soda lime, then 
through a tube containing copper gauze heated in an electrical furnace 
(400 ), and through purest soda lime and conductivity water, and finally 
through the experimental liquid before it passed into the titration vessel. 

All the measurements were carried out in a water thermostat provided 
with an electrical heater and thermoregulator at a tememperature of 35 0 + 0*04^ 

Results and Discussion. 

Absolute Value of the p u of the Sols. 

It has been observed with silicic acid sols (loc. cit.) that the£ H values of 
the sols as obtained from the e.m.f. of the hydrogen electrode sometimes 
show irregular variations. Cleansing and replatinisatioq of the electrodes 
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sometimes, though not always, improve matters. The difference in the initial 
values, however do not materially afiect the deteiminatlon of the total 
acidity from the titration curves. Similar irregular variations of the initial 
Pr have been observed also in the case of palmitic acid sols. The pn was m 
some cases measured with the quinhydrone electiode for comparison. In 
th following table are given the obseived Pr values for some of the sols on 
diflerent days. In this table E has the same significance as in the equation, 


r 0*0001984 T 

for both the hydrogen and quinhydrone electrodes. The e.m.f. of the normal 
calomel half cell against the normal hydrogen electrode has been taken to be 
0*2823 volt at 35 0 . 

Table I 


Sol A 

pn E 


PtlTj 

Qh 

Pt^ 

Qn 

5-28 

5*22 

0*3226 

0*3189 

5*34 


0*3263 


5*34 


0*3263 


5*23 


0*3195 


5-25 


0*3208 


5-n 


0*3122 


5-19 


0-337I 


Mean 5*26 

Sol C 

0*3I7I 


pn 


E 


Ptu. 

u 

~Qn 

Vtn t 

~Qh 

5-48 


0-3348 


5*45 


0*3330 


5*10 


3*3ii6 


4*94 


0*3019 


4-91 


0*2990 


5-15 


o*3i47 


5-25 


0*3195 


S*o85 


0*3107 


Mean 5*17 


0*3160 



Sol B 

pn E 



PtHg 

Qh 

PtH f 

Qn 


4*92 

4*78 

0*3006 

0*2929 


5*00 


0-3055 



4.08 

4-77 

0*2993 

0*2914 


4*97 

4*61 

0*3037 

0*2817 


4*70 


0*2872 


Mean 

488 

4*72 

0*2981 

0*2883 



Sol D 




Pn 


I 

? 


Ptn 2 

Qn 

Pt,i s 

Q" 



5*io 


0*3116 



4*90 


0*2994 


5*oo 


0*3055 



5*oo 


0*3055 



5*07 


0*3098 


Mean 

5*023 

5*00 

0-3069 

0*3055 
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The pn of these sols is near about 5*0. It appears that the p* (for spls 
A, B and C) gradually tends to diminish with time and reaches a value in 
the neighbourhood of 5*0. The maximum difference between the mean 
pa values obtained with the hydrogen and quinhydrone electrodes is 
0*16 Pb unit representing a difference of 10 m. volts. In the mojority of 
cases, the variations of the individual values of E obtained with the hydrogen 
electrodes from the mean values, do not exceed 5 m. volts, except in sol C, 
where the variations are generally larger. While the agreement should be 
considered satisfactory for such systems it is desirable to obtain b.m.f. values 
reproducible within 0*1 to 0*5 m. volt, as otherwise the calculated activity is 
liable to a large error. 

For checking the reliability of the experimental arrangement and of the 
electrodes, a number of measurements were made in HC 1 solutions of several 
concentrations. The following table gives the observed pa values and 
the values of E as defined above. The third column gives the difference 
in the values of E for the hydrogen and quinhydrone electrodes. 


Table II. 


E Diff. in m. v. pn 



Pta, 

Qh 

E Pta, ~ E Q h 


Qb 

(1) 

0*1301 

0*1289 

1*2 

2*129 

2*11 

Is) 

0*1777 

0*1793 

i*6 

2*908 

2-935 

( 3 ) 

0*1845 

0*1839 

0*6 

3’02 

3*01 

( 4 ) 

0*3447 

0*2428 

i *9 

4*005 

3*974 

( 5 ) 

0*2477 

0*2497 

2*0 

4*054 

4*087 

(6) 

0*2517 

o *2533 

1*6 

4*12 

4*08 

( 7 ) 

0*2609 

0*2593 

i*6 

4*27 

4*26 

(8) 

0*3031 

0*3018 

i *3 

4-96 

4*94 


In two instances, a difference of about 3 m.v. was observed between 
the two electrodes. It will be seen that w ? ith the precautions which have 
been adopted, the hydrogen electrode is fairly satisfactory. The larger 
variation of the pa of the sols should perhaps be attributed to the diffi culties 
in the attainment of equilibrium with hydrogen gas and ti* hydroge* ions 
on the surface of the electrode when the latter is itnm^r^ in the sol. 
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Titration of Palmitic Acid Sols with Bases. 

Figures * i, 2 and 3 show the titration curves of palmitic acid sol A 
with ammonia (curves 1 and i', Figs 1 and 2), caustic soda (curves 2 and 2 
Figs. 1 and 3), calcium hydroxide (curve 8, Fig. i) and baryta (curves 4 
and 4', Fig. 1). The potentiometric and conductometric titration curves 
of sol B (curves 5 and 5') with baryta are given in Fig. 5. 


Fig. 1. 

Palmitic acid sol A. 


Fig. 2. 
Palmitic acid sol A + ammonia. 



5 
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™L*io>. 



nx 

v 




The shapes of the potentiometric titration curves as well as the values 
of the total acidity calculated from the inflexion points in these curves vary 
with the base employed for the titration. The total acidity values of sol A 
calculated from the curves are given in Table III. 

Table Ill- 

Total acidity in normality x 10 8 . 

NH4OH. NaOH. Ba(OH)f. 

i-2 (curve •• 1 or 1') 1.9 (curve a) Wj (curve 4) 


* In these and ia subsequent figures the abacisa represent nx/v where » is the 
concentration of the electrolyte in normality, * its volume added and v, the resulting 

volume (initial volume + *) of the tJtrant. r „ , . 

** It is not possible to calculate the total acidity accurately from the potentiometric 
eutna This value ha* been calculated from the minimum point in the corresponding 

potentiometric curve. 
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In the potentiometric titration curves with caustic soda, calcium 
hydroxide and baryta, an initial rise of pa is followed by a region of buffer 
action and then by a second steep rise. The point of inflection in the final 
rising portion has been used for calculating the total acidity. Beyond the 
inflexion point, the slope of the curve gradually diminishes. The buffering 
observed in the titration curves for calcium hydroxide and barium hydroxide 
is very strong and occurs between pa 6*o and 6*5. In the curves 3 and 
4 (Fig. 1) the slope vanishes altogether in this region. In the curve for 
caustic soda, the region of buffer action is much shorter and occurs near 
pa 6*0. The indication of a strong buffer action is altogether absent in the 
case of ammonia. In this curve (no. 1) a weak inflexion is observed at pa 
about 6*3 and then the pa rises sharply to about 7*5. The slope of the curve 
thereafter rapidly diminishes showing a strong buffer action. 

Curves 3 for calcium hydroxide and curve 4 for baryta are of the same 
nature and run almost parallel. Their displacement appears mainly to 
result from the difference in the initial pa values and the hydrogen 
electrodes in the two cases appear to have maintained a nearly constant 
difference of potential during the titrations. Curve 4 in Fig. 1 represents 
a titration which was carried out with larger additions of baryta, keeping 
the interval between the successive additions constant. The higher slope 
in the middle portion indicates a non-attainment of equilibrium with the 
added base. 


Fig. 3. 

Palmitic acid sol A +KOH. 



Fig. 4. 

Palmitic acid sol B+baryta* 


nx 

v 


*I0 8 —> 



On titrating sol A with a concentrated solution of caustic soda (curves 
6 and 6', Fig. 5) the middle flat portion of the curve is completely suppressed 
on account of the larger additions of the alkali. 



electrochemical properties op palmitic acid sol 25 


The conductometric titration curve of sol A with ammonia (Curve i', 
Fig. 2) has a fairly sharp minimum which agrees with the point of inflexion 
(not very sharp) in the potentiometric curve. With caustic soda, the con¬ 
ductometric curve has a rounded minimum (curve 2', Fig. 9). This rounded 
portion corresponds with the region of buffer action in the potentiometric 
curve. With baryta the conductometric titration curve (curve 5', Fig. 4) 
has a sharp lowering and then a region of almost constant specific conducti¬ 
vity in agreement with the flat portion in the pn curve (curve 5, Fig. 4). 


Total Acidity as Calculated from the Titration Curves and the 
Stoichiometric Content of Palmitic Acid in the Sol. 

The palmitic acid contents of two sols have been compared with the 
titrable acids in the sols as calculated from the titration curves {vide Table 
IV). The palmitic acid was extracted from the sol with ether (100 c.c. of 
ether to 500 c.c. of the sol) and was weighed after evaporation to drynesss 
in a vacuum desiccator. 


Table IV. 


Sol r 
S ol F 


Total acid (N * io**) 
(By titration with baryta). 

19*0 


i6‘2 

14*3 


Average = I5‘2 


Palmitic acid (.V x io fi ) 
(By extraction). 

21*9 

i5‘o 


Considering the small quantities of acid involved in the extraction, the 
agreement between the two sets of values should be regarded as satisfactory. 
In the titrations with baryta practically all the palmitic acid has thus reacted 
with the base at the inflection point. 


Titration and Back Titration. 

Palmitic acid sol C was titrated with baryta up to pa 8‘34 (beyond the 
point of inflexion which occurs near pa 7'o) and then the sol was left 
overnight in the titration vessel after carefully sealing up with pure paraffin 
wax all openings of the titration cell so as to avoid ingress of carbon dioxide 
from the air. The next morning the sol was titrated with hydrochloric acid 
(curves 7 and 7', Fig. 6). 
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Pig. 5 * 

Palmitic acid sol 4 +KOH 


Pig. 6 . 


Palmitic acid sol C 




The initial pn on the second day was only 7*05. As the leakage of 
carbon dioxide in the cell is not likely, the lowering of Pn should be ascribed 
to a slow reaction with the excess of baryta. The back titration curve 
(curve 7', Fig. 6) has nearly the same form as the original titration curve 
and shows a striking parallelism with it. The back reaction, viz., the 
formation of palmitic acid and barium chloride by the action of hydro¬ 
chloric acid on barium palmitate is also attended with buffer action. The 
original reaction is thereby shown to be reversible. It may be mentioned 
that the sol had coagulated on standing overnight in excess of baryta. It 
is significant that the titration curves of the colloidal solution (baryta 
titration) and of the suspension of the coagulum (back titration with ltd) 
which certainly constitutes a heterogeneous system show such close 
resemblance. 


Effect of Neutral Salts . 

Palmitic acid sol B was titrated with potassium chloride and sol C with 
barium chloride (curves 8, 9 and 9', Fig. 7) and sol D also with barium 
chloride* (curve 11, Fig. 8). A similar titration of a hydrochloric acid 
solution of approximately the same pa as the sol with barium chloride was 
carried out for comparison (curves 10, Fig. 7). 

Potassium chloride produces only a slight change of p tt (0*04 p a unit 
on the first addition, nx/v =*o'002N) and on further additions, the pn re- 

* This titration was stopped after the pn came down to 4*44 and the titration cell 
was kept sealed overnight. On resuming the titration on the next morning, 
the pn was found to be 4*16 and did not change on further additions of the 

salt. 
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mains practically unchanged. Barium chloride on the other hand produced 
a larger change of hydrogen ion activity. The lowering of pn is sharper 
at the beginning but the rate of change diminishes with increasing con¬ 
centration of the added salt. In each of the barium chloride curves, a 
break in the slope is observed which suggests that the reaction occurs in 
two stages. The position of the break, however, appears to bear no 
relation to the hydrogen ion concentration of the sol or its palmitic acid 
content. 


Fig. 7. 


Fig. 8 . 


Palmitic acid sol D+BaCl2. 


£ 


5*2 

5*0 

4*8 

4.4 

4-o 



[Curve 8 refers to sol B + KC 1 ; 9 & 9' to 

sol C + BaC 1 * and 10 to HC 1 + BaClj 
re&pectnelv ] 

Sols D and G were mixed witli barium chloride so as to make the sol 
decinormal with respect to the salt in each case and left overnight. The 
mixture was titrated with baryta the following day. The titration curves of 
the two sols and of their mixtures with barium chloride are given in Figs. 9 
(curves ia and 13) and in Fig. 10 (curves 16 and 17). . 

The shapes of the titration curves in the presence of barium chloride 
resemble that of a strong acid and have steeper inflexions.* The titration 
curves of the ultrafiltrates of sols D and G (curves 14 and 18) and of their 
ultrafiltrates in the presence of o'i N barium chloride (curves 15 and 19) 
are also given in the above figures. Curves 14 and 15 show buffer action 
between s^andd^. A thin ultrafilter membrane of finer pore 

• At the beginning of curve n, there is a short flat portion and in the 
carve «a short JL in. the same region. These features are absent in the curves 

for sol G. 
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was tised lor sol G with the result that this feature is absent in the titration 
curves (18 and 19) of the ultrafiltrates. It appears that in the former case, 
the ultrafiltrates contained fine colloidal particles of palmitic add which had 
passed through the membrane. 


Fig. 9. 

Palmitic acid sol D. 



The effect of the addition of barium chloride to palmitic acid sols on 
their free and total acidities and on those of their ultrafiltrates will be seen 
in Table V. 

# Table V. 

Without addition of salt In the presence of o*i N-BaCl* 



PM. 

an xio 5 . 

Total acidity 
(N x io 8 ). 

Pn. 

an xio 8 . 

Total acidity 
(N x io 8 ). 

SolD 

5*02 

9-98 

19-5 

4*14 

7*24 

16*5 

Ultrafiltrate 

4*87? 

— 

3*5 

4*40 

3*68 

9 *o 

' Sol G 

5-17 

0*676 

12*8 

^•3 

4*64 

9*39 

«7 

Ultrafiltrate 

5*43 

0*372 

4*7° 

2*00 

57 
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The total acidities of the sols in presence of barium chloride are 
somewhat less than those of the pure sols. The hydrogen ion activities of 
the sols in presence of barium chloride, though higher than those of the 
pure sols, are less than the total acidities of the sols (37% in the case of 
sol D and 18% in the case of sol G of their respective total acidities). 
This shows that at this stage the majority of the hydrogen ions are 
not free, i.e. are osmotically inactive, although they can react 
with hydroxyl ions at a lower pa level (vide, curve 17) than in the 
pure sol. 


Fig. 10. 

Palmitic acid sol G. 



Palmitic Acid Sol as a Single Phase System . 

The point of view that colloidal solutions can be treated as single 
phase systems appears at first sight to receive support from the titration 
curves of palmitic acid sols, especially with the alkaline earth hydro¬ 
xides, which resemble to some extent those of weak monobasic acids with 
a strong alkali. It will be shown below that the resemblance is only 
superficial. 

Variations of the Total Acidity and the Difference in the Forms of 
the Titration Curves obtained with Different Bases . 

It has already been pointed out that the total acidities calculated from the 
points of inflexion of the titration curves vary with the base employed. 
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remain unneutraluea on acco ' depressed due to the increased 

>ym,a d issociation of the remaining acid will De aepresscu u 

concentration of the anions and the 'bufler capacity' of the system mil - 
a maximum eaiue at the point of half: neutron-The 

-ith caustic soda lies 

below pa 7‘°* 


Fig. ii. 



If we regard palmitic acid sol as a single phase system, its neutralisation 
with baryta or calcium hydroxide, which form insoluble salts with pjmrtK 
acid Sd resemble the analogous case of the neutralisation of dissolve 
citric acid with calcium hydroxide. The insoluble calcium citrate formed 
during the titration separates out as a solid phase and the hydrogen um con- 
centration of the solution at any stage is determined by the ^ 

the citric acid left unneutralised. No sudden rise of p. *»“*«*«• 

be observed during the titration until at the equivalence pomt the Pa , ns» 
^arply similar to what happens on the addition of calcium hydroxide to 
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pure water. The observed forms of the titration curves are not in agree¬ 
ment with the expected behaviour. Further evidence will presently be 
given against the hypothesis, that the colloidal solution of palmitic acid 
behaves as a single phase system. 


Variability of the Dissociation Constant Calculated 
from the Titration Curi'cs. 

In the dissolved state palmitic acid is known to be a weak acid. 
The homologues of acetic acid up to decoic acid have dissociation 
constants not differing greatly from that of acetic acid, viz. % 1*7x10*®. 
McBain and Buckingham (/. Chem . So<\, 1927, 2688) ht s assumed the 
value 10" 5 for the dissociation constant of palmitic acid at 90 0 for making 
approximate calculations. 

The values of a, the ratio of free acidity and total acidity, for a number 
of palmitic acid sols calculated from the equation : 


K = 


a*c 


I -a 


(H) 


are given in Table VI. The total acidities used in the calculations are those 
obtained from the potentiometric titration curves with baryta. The disso¬ 
ciation constants calculated from equation (Hi) and from the titration curves 
at the points of one fourth, half and three fourths neutralisations using the 
Henderson equation : 

j* __ j». _[Salt] + [A] 

pB = * + log [ AcidJ — [A] 

are also given in the same table. 


m 


Tabik VI. 


Acidity (N x 10*) 


xio» 



Free. 

Total. 

From eqn. 

At 1/4 
neutrali¬ 
sation. 

At 1/2 
neutrali¬ 
sation. 

A t 3/4 
neutrali¬ 
sation. 

Sol A 

o-S 75 

10*5 

5-48 

3*4 

i *95 

3*39 

27*0 

Sol B 

i '59 

14*6 

10*9 

19*5 


4*79 

;o*o 

SolC 

0*851 

15*3 

5*54 

5*90 

1*41 

3*x6 

8152 

SolD 

0*980 

18*8 

5*ax 

5 ' 3 ° 

x-95 

447 

8*92 

60IR 

0*589 

19*0 

3»xo 

1*90 

3*x6 

7 *o 8 

* 7-4 

Sol F 

0*631 

15*3 

4*13 

2-66 

2*86 

4 # 57 

22*5 

Sol G 

0*676 

*37 

S*6o 

4*00 

2*3 

5 *ox 

* 4'5 
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The calculated dissociation constants are mostly of the order of io~ T 
and are lower than the proliable value for the acid in the dissolved condition. 
The numerical values of K for the different sols, however, show large 
variations. IJven for the same sol, the dissociation constant calculated 
from the titration curve increases steadily from the point of one fourth 
neutralisation to that of three fouiths ncutiaiisation. Such variation 
denotes that the rate of change of p„ in the titration curve is less than 
what should lx* expected in that of a weak acid in true solution. 

In the potentioinetric titration curve of a weak monobasic acid by a 
strong alkali, the slope of the curve at the point of half neutralisation has 
been shown by Aueibach ami Smoiczyk (Z. physikal . Chem., 1924, 110 , 65), 
to be independent of the dissociation constant of the acid They obtain for 
the slope the expression 


dpi, -. 1 74 
dx x a 


... (iv) 


where x a is the volume of the base required to reach the point of inflexion. 
Table VII gives the actual values of the slope at the point of half neutralisa¬ 
tion in the titration curves with baryta and those calculated from equation 
(iv) for a number of sols. The slopes are expressed in terms of pB units 
per c.c, of the added base. 




Table VII. 




(obs.). 

dx 


Sol A 


f °' 37 S 

( O OO 

1*58 

Sol B 


0-320 

1*20 

SolC 


0*150 

x*x6 

Sol D 


0*115 

0*982 

Sol E 


0*537 

2-83 

Sol F 


0*2X1 

i *>74 

Sol G 


0*078 

1.36 


The observed slope is always less than the calculated value of the 
minimum slope and is zero in curves 3 and 4 for sol A in Fig. 1. The 
titration curves thus show that the course of neutralisation of colloid 
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solutions of palmitic acid is quite different from that of an acid in true 
solution. 


Palmitic Acid Sol as a Two-phase System % 

The behaviour of palmitic acid sol during titrations will be better 
understood if we regard it as a heterogeneous rather than a homogeneous 
system. The colloidal particles of palmitic acid may be regarded as 
constituting the solid phase in thermodynamic equilibrium with its saturated 
solution in water. On the addition of baryta to the sol there will be a 
lowering of the hydrogen ion concentration and a corresponding increase of 
the concentration of palmitate ions till the solubility product of barium 
palmitate is exceeded- The salt will now begin to form a second solid 
phase. The system will consist of three components existing in four phases 
(inciuding the vapour) and will be univariant. At a constant temparature 
therefore (since the pressure may also be assumed to remain constant) tlie 
neutralisation should proceed at a constant composition of the system 
(Nernst, " Theoretical Chemistry/’ ioth German Ed., 1923, p. 626), i.c., at 
a constant pn . When one of the solid phases, namely, palmitic acid 
disappears, the system becomes hi variant and the pn increases on the addition 
of the base. Since the salt is insoluble, there will lx? no perceptible 
hydrolysis and an inflexion will occur in the titration curve at the point of 
complete neutralisation of the acid at the neutral pu . All these features are 
corroborated by the potentiometric titiation curves 3 and 4 of palmitic acid 
sol A, where the titrations have been can ied out under equilibrium condi¬ 
tions. The slight rise of pn in the middle portions of the other cuives 
must be attributed to the non-attainment of equilibrium with the added 
base. The only point of difference which is to be observed is that 
beyond the points of inflexions! the titration curves show indication of a 
reaction of the base with the insoluble salt. 

On the addition of barium chloride to a palmitic acid sob the insoluble 
barium palmitate is formed and simultaneously an equivalent amount of 
hydrochloric acid is liberated in accordance with the equation, 

aHP + BaCl 2 « Ba? 2 + 2 HC 1 ... ... (v) 

The system has now four components existing in four phases and is 
bivariant and at a constant temperature and pressure can remain in equili¬ 
brium with varying compositions of the liquid phase. Actually the 
pa diminishes with increasing concentrations of barium chloride. 
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II Si and S, denote the 
barium polmitate respectively, 
of mass action: 

solubility products of palmitic acid and 
the following relations follow from the law 


[H + ]. [P-] 

=s, 

... (vi) 

and 

[Ba* * ]. [P- 1 * 

= Sg ••• 

... ( vii ) 

whence 

~W] 

= S 2 /Si (constant) 

... (viii) 


Thus, under equilibrium conditions the concentration of hydrogen ion6 
should vary proportionately with the square root of the molar concentration 
of the barium ions in the solution. The values of Z calculated* at 
different points in the titration curves (curves 20 and 21 for sol C and curve 
22 for sol D) with barium chloride are plotted against the equivalent con¬ 
centration of barium chloride wc/v in Figure 11. In each of the curves 
Z rises initially and after a break in the slope tends to become constant. 
In curve 20 it actually becomes constant after the addition of ooiiV-barium 
chloride with the exception of one stray value. In the other curves Z con¬ 
tinues to increase, though slowly. That the variations of the value of Z indi¬ 
cate a true thermodynamic equlibrium !>et\\een the different phases has not 
been established under these conditions. 

The results given above show definitely that colloidal solution of pal¬ 
mitic acid differ in their electrochemical properties in some essential respects 
from acids in true solution. It has also !>een shown that the shapes of 
the titration curves with calcium hydroxide or baryta and the interactions 
of the sols with barium chloride are, barring some irregularities, in agree¬ 
ment with the expected behaviour if the colloidal solution be regarded as 
a heterogeneous system. The colloidal pai tides are to be considered as 
constituting* solid phase which is in equilibrium v\ illi its saturated solu¬ 
tion. The irregular features are: (a) the slopes of the titration curves ob¬ 
tained with baryta at the point of half neutralisation are not always zero 


• In calculating these values the concentration of harintn ions have been obtained 
by subtracting half of the increase of the hydrogen ions concentration of the sol from 
molar concentration of the barium chloride added to the sol. The assumptions have been 
made that it) the observed increase in the number of hydrogen ions in the sol is accom¬ 
panied with the disappearance of an equivalent number of barium ions from the solu¬ 
tion and (a) the activity coefficient of barium chloride at the concentrations involved 
(a unity. 
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And (W the value of the ratio p-F^/H*] does not always ramain constant 
during the titration of the sol with barium chloride. The probable causes 
of these irregularities and also the mechanism of the interactions taking 
place between palmitic acid sols and bases and salts are discussed 
below. 

It has been pointed out already in a previous section that a difference 
between the slopes of the titration curves of sol A with baryta is observed on 
changing the rate of addition of the base. It shows that the interactions 
taking place between the sol and the base are slow and the non-attain¬ 
ment of equilibrium under the conditions of experiment may lead to 
irregular^ results. There is another factor which may impart characteristic 
properties to colloidal solutions, namely, the electrical double layer surround¬ 
ing the collodial particles (Mukherjee, Mittra and Mukherjee, loc . cit). 
The negative charge of colloidal particles of acidic substances originate 
from the existence of primarily adsorbed anions on their surface. An equi¬ 
valent amount of hydrogen ions are present in the double layer, partly in 
the mobile condition and partly as secondarily adsorbed ions. Cations of an 
added electrolyte will displace the mobile hydrogen ions by diffusion into 
the double layer and may also get adsorbed on the surface and simul¬ 
taneously displace the bound hydrogen ions. The ion pair formed by the 
metallic cation and the primarily adsorbed anion may or may not be stable 
on the surface depending on several factors. These factors are :— 

(a) The lattice energy of the primarily adsorbed anions, i.e., the forces 
holding these ions on to the neighbouring ions in the interior of the 
particles. 

(b) The stability of the primarily adsorbed ions in the free state in 
solution. 

(c) The solubility of the salt formed by the ions constituting the ion 
pair if it separates as a solid phase during the experiment. 

(d) The lattice energy of the crystals of this salt. A relatively large 
lattice energy of the primarily adsorbed anions and a low stability of these 
ions in a state of solution would favour the formation of stable ion pairs 
on the surface, while under the reverse conditions the latter will split off 
from the surface and pass into the solution either as a dissolved molecule 
or forming a separate solid phase when its solubility product is exceeded. 
Again, a large difference between the lattice energies of the resulting salt 
and the primarily adsorbed anion or a low solubility of the salt will help 
the ion pair to pass into the solution. In the case where the ion pairs are 
itable on the surface, the electrical double layer and not the core of the 

5 
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particles is in equilibrium with the solution. The conditions underlying 
the classical phase rule are, therefore, not satisfied and the system behaves 
differently. On the other hand, if the ion pair passes into the solution as 
Soon as it is formed, the colloidal particles as a whole takes part in the 
equilibrium and the colloidal solution behaves as a true heterogeneous system. 

There is evidence to show that an electrical double layer exists 
surrounding the colloidal particle of palmitic acid. Mukherjee, Cbaudhury 
and Bhabak (/. Indian Chem. Soc., 1936, 18 , 379) have shown from micro- 
cataphoretic experiments that these colloidal particles are negatively 
charged. Wicgncr and Pallmann (“ Verhandlungen der zweiter 
Kommission und der Alkali Subkommission der intemationalen Bodenkun- 
lichen Gesellschaft,” 1929, pp. 92-243) observed that suspensions of palmitic 
acid in water have higher hydrogen ion activities than the clear supernatant 
liquids. Again, it will be seen from Table V in this paper that the hydrogen 
ion activities of mixtures of sols D and G with o'iN barium chloride are 
appreciably higher than those of their ultrafiltrates.* Such observations 
indicate that mobile hydrogen ions are present in the electrical double 
layer surrounding the colloidal particles. Here the primarily adsorbed ions 
are the palniitate ions. These ions are stable in alkaline solutions. In 
very weakly acid solutions they are stable at such a low concentration 
which obtains in the solution in equilibrium with the solid acid and bar i um 
palniitate. Besides, large differences between the lattice energies of Bolid 
palmitic acid and barium palmitate are also probable. On interaction with 
baryta, the ion pairs formed by the barium ions and the primarily adsorbed 
palmitate ions, therefore, split 08 as barium palmitate molecules and a 
separate phase is formed when the solubility product is exceeded. The 
system, as has been shown in a previous section, now behaves as a hetero¬ 
geneous system obeying the phase rule and the law of mass action. 

On the addition of barium chloride to the sol, the mobile hydrogen ions 
are displaced from the double layer and at the same time barium ions are 
adsorbed tq form ion pairs. As in the titration of the sol with baryta, 
these ion pairs split off to form barium palmitate molecules as a separate 
phase and hydrochloric acid is liberated in accordance with equation(v). 
The increase in the concentration of hydrogen ions renders the palmitate 
ions less stable in solution and at the same time causes the displacement of 

* It will also be wen from Table V that sol G has a lower pm than its 
bat the reverse is observed in the case of sol D. The ultrafiltrates being extremely 
dilate unbuffered eolation, the pm values obtained for them are subject to a greater 
uncertainty than for the sols. Presumably in the above caw the pm of the nteafilt r y ty 
of sol D is somewhat in error. 
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the hydrogen ions on the surface by barium ions more difficult. Conse¬ 
quently the reaction with barium chloride remains incomplete. This is 
seen from the fact that the free acidity of the mixture of the sol with 
barium chloride is less than the total acidity of the sol. From the results 
so far obtained, it is difficult to decide whether in the interaction of palmitic 
acid sol with barium chloride a thermodynamic equilibrium between the 
add and the salt in the solid phases is at all established. The non-uniform 
nature of the curves in Fig. n shows that the reaction is of a somewhat 
complex nature. Further work on this problem is in progress. 

The lower value of the total acidity obtained by titrating a mixture of 
palmitic acid sol and barium chloride with baryta than that obtained by 
titrating the pure sol with the same base indicates that a portion of the acid 
remains unneutralised at the inflexion point in the former case. The sol 
coagulates in the presence of barium chloride and the aggregates probably 
enclose some of the acid molecules which are prevented from reacting with 
the added base by a layer of barium palmitate molecules covering the surface. 

In the interaction of the sol with potassium chloride the mobile hydrogen 
ions are displaced into the intermicellary liquid but the adsorption of 
potassium ions does not proceed to any great extent on account of their low 
adsorbabilily. Again, potassium palmitate being soluble in water, the ion 
pairs formed will not appreciably pass into solution as the palmitate ions 
are unstable in such solutions at high concentrations. Consequently there 
is only a very small change in the hydrogen ion activity of the sol. 

Ammonia being a weak base, ammonium palmitate is easily hydrolysed 
in solution. Ammonium ions are also relatively weakly adsorbed. Very 
little reaction is therefore indicated in the titration curve with ammonium 
hydroxide up to pH 7*5. The strong buffer action which is observed above 
this pH shows that palmitate ions are now stable and the neutralisation of 
the acid molecules pioceeds. The colloidal particles gradually dissolve at 
this stage. 

Sodium palmitate is stable and less hydrolysed than ammonium palmi¬ 
tate in solution. But it appears that the reaction is not strong enough below 
pa 7 to dissolve the particles. The point of inflexion in the rising i>ortion 
of the titration curve which also corresponds w ith the minimum of the 
conductometric titration curve, probably denotes the neutralisation of the 
dissolved palmitic acid in the sol. The pa at the point of neutralisation 
gives an indication of the strength of the acid (pk *= p B *= 7‘S) in the 
dissolved condition. Further reaction of the colloidal particles with caustic 
soda takes place at a higher pn level. 
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x. Irregular variations of the P* of palmitic add sols, measured with 
the hydrogen and quinhydrone electrodes, have been observed although 
the same experimental arrangement gives satisfactory results in dilute 
solutions of hydrochloric acid. 

a. The forms of the electrometric and coductometric titration curves 
of palmitic acid sols and the total acidities calculated therefrom vary with 
the base employed for the titration. The latter vary in the order : 

Ba(OH) t , Ca(OH) a > NaOH > NH 4 OH. 

The total acidity obtained from the baryta titration curves agrees with 
the analytical concentration of palmitic acid in the sol. 

8. The forms of the titration curves differ from that of an add in true 
solution, whether the resulting salt is assumed to be soluble or insoluble. 
The calculated values of the dissociation constant are much lower than * 
the probable value for the acid in the dissolved condition. The slopes of 
the titration curves with baryta at the point of half neutralisation are 
smaller than the theoretically calculated values for weak acids in true 
solution. 

4. The titration curves with baryta and the interactions with barium 
chloride are, excepting some minor irregular features, in agreement with 
the expected behaviour assuming the sol to be a two phase system. 

5. The mechanism of the interactions of colloidal particles of palmitic 
acid with different electrolytes has been discussed with reference to the 
electrical double layer surrounding the particles. 

I take this opportunity to offer my sincere thanks to Prof. J. N. 
Mukherjee, D. Sc., for suggesting the pioblem and for his kind interest 
in the work. Thanks are also due to the Calcutta University for awarding 
me the Khaira Research Scholarship in Chemistry which enabled me to 
carry out tfiis work. 
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ON THE CONSTITUTION OF NITRO-/8-METHYL- 
UMBELLIFERONE METHYL ETHER AND 
OF CHLORORESORCIN. 


By Duhkhaharan Chakravarti and Bhowani Charan Bankrji. 

Pechmann and Obermiller* ( Ber ., 1901, 84 , 666) observed that when 
j 3 -methylumbelliferone methyl ether was nitrated in addition to 8-nitro-7- 
methoxy-4-methylcoumarm (I, R = H; R'«Me; R"=N02), m.p. 230°, 
another isomeric nitro compound, probably 6-nitro-7-methoxy-4-methyl- 
coumarin (I, R-NO*; R'*Me; R" = H), m.p. 281°, was isolated, the 
position of the nitro group being undetermined ( cf . Beilstein, “ Handbuch 
der organischen Chemie," Vierte Auflage, Band XVIII, p 33). 

It is now found that 4-nitroresorcin (Borsche, Annalen , 1903, 880 , 
106) condenses with acetoacetic ester producing 6-nitro-7-hydroxy-4«methyl- 
coumarin tl, R^NOa; R'=R"=H) in piesence of sulphuric acid as the 
condensing agent. The presence of a nitro group greatly depresses the 
reactivity of the resorcin molecule in coumarin formation, since no product 
could be isolated by reacting 4-nitroresorcin with methyl-or ethyl-aceto- 
acetic ester. It should be observed that the nitro group in position 4 has 
a more depressing effect than the nitro group in position 2 (cf. Chakravarti 
and Ghosh, /. Indian Chem . Soc , 1935, 12, 622). 

The constitution of the nitro-/ 3 -inethylumbelliferone methyl ether, 
m.p. 281°, has been now* proved to be 6-nitro-7-methoxy-4-niethylcoumarin 
by its demethylation to 6-nitro-7-hydroxy-4-mcthylcoumarin, the condensa¬ 
tion product of 4-nitroresorcin with acetoacetic ester. 

The 6-nitro-7-methoxy-4-methylcouniarin has been reduced to the 
amino derivative, the diazo solution of which on treatment with cuprous 
chloride in hydrochloric acid gives 6-chloro-7-inethoxy-4-niethylcoumarin 
(I, R=C 1 ; R' - Me; R*=H), 

C'Me 
R 
R'O 

R" 0 

The latter is found to be identical with the methyl ether of the condensa* 
product of chlororesorcin with acetoacetic ester, thereby fixing the position 

-J Vbt work oi Pechmann and Cohen, referred to by Chakravarti and Ghosh J/. 
Indian Chem , Soc., 1935, 12 , 791) should betfcrwork of Pe chm an n arid ObetfttiUtfr 
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(4) of the chlorine atom in chlororesorcin. This constitutes further evidence 
in support of the position assigned to the chlorine atom in chlororesorcm 
by Clark (/. Amer. Chem. Soc 1933, flfl, 319) and by Chakravarti and Ghosh 
(/. Indian Chem. Soc., 1935, 12 , 791). 

Experimental. 

(hNilfo-y-Uydroxy^methylcoumafin. —A cold mixture of 4-nitroresorcin 
(5 g.) and acetoacetic ester (4 g .) was treated with sulphuric acid (d 1*84, 
8 c.c.) drop by drop. The mixture was left for 2 days and then poured 
into ice water, the oil separating was washed with water and then with 
rectified spirit, when yellow crystals were obtained. These were recrystal¬ 
lised from glacial acetic acid (charcoal) as yellow needles , m.p. 255 0 . 
(Pound : N, 6 28. Ci 0 H 7 O 5 N requires N, 6 3 per cent). 

6 -Chloro -7- methoxy -4- methyicoumarin .—(t) 6-Chloro - 7-hydroxy-4- 
methylcoumarin, the condensation product of 4-chlororesorcin w T ith aceto¬ 
acetic ester (Chakravarti and Ghosh, /. Indian Chem. Soc., 1935, 12 , 622) 
was methylated by dimethyl sulphate in the usual manner. It was 
crystallised from glacial acetic acid as colourless needles, m.p. 252 0 . 
(Found: Cl, 15*6. C n H 9 0 3 Cl requires Cl, 15*8 per cent). 

(it) A solution of 6-amiuo-7-methoxy-4-methylcouinarin (1*5 g.) 
(Pechmann and Obemiiller, loc. cii .) in hot concentrated hydrochloric acid 
(10 c.c.) was cooled in ice, when the hydrochloride separated as a fine 
precipitate. It w f as diazotised in the usual way and the diazo solution 
treated in the cold with a solution of cuprous chloride in hydrochloric acid. 
After standing for some time and subsequent heating on a water-bath for half 
an hour, 6-chloro-7-methoxy-4-methylcoumarin separated, w hich was collect¬ 
ed, washed with hydrochloric acid and water and finally crystallised from 
glacial acetic acid as colourless needles, m.p. 251 0 (mixed m.p. with the 
compound prepared by the first method). 

Demeihyiation of 6 -NitrO‘ 7 -methoxy- 4 -mcthylcoumarin .—6-Nitro-7- 
methoxy-4-methylcoumarin (15 g.) was heated with aluminium chloride 
(4 g.) in an oil-bath, the temperature being gradually raised to 150° during 
the course of 3 hours. The brown solid obtained on treating with ice was 
dissolved in sodium hydroxide and the solution acidified. The fiocculent 
brown precipitate was dried and crystallised from glacial acetic acid, m.p. 
253° , the m. p. being not depressed when mixed with 6-nitro-7- 
hydstixy-4-tnetiiylcoumarin, the condensation product of 4-nitroresorcin with 
acetoacetic ester. 

CHxmcAL Laboratory , 

Vmmmff Cxmjm or Scibncx 

AMD Tmbmoot, OmxttA. 
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CHEMICAL EXAMINATION OF THE ROOTS OF ARISTO - 
LOCHIA INDICA, LINN. PART III. ISOLATION 
OF THE ALKALOID ARISTOLOCHINE. 


By P. R Krishna Swamy and B. L , Manjunath. 

A brief summary of the reputed medicinal properties of the root# of 
Aristolochia Indica and of the chemical investigations on the principal 
members of the Ansiolochiacce is included in Part I of this series (/. Indian 
Chem. Soc., 1935, 12 ,476). We have also indicated the occurrence of a crystal¬ 
line alkaloid in A. Indica and proposed for it the name Aristolochine, which 
had been previously adopted by Pohl (British Chem. Abs., 189a, I, 874) for 
the bitter toxic substances from A. Rotunda and A. Clematitis, and by Hesse 
(Arch. Pharm., 1895, 288 , 684) for an amorphous alkaloid from A. 
Argentina. 

We are indebted to Prof. J. L. Simonsen for suggesting the search for 
this alkaloid and the principal difficulty has been that in the large majority 
of the samples of roots from different parts of South India, the alkaloidal 
content is only 0*05—o'o7 per cent and is nil in some of the roots obtained 
locally. However, during the course of the regular analysis described in 
Part I, sufficient alkaloid was obtained in a pure condition to enable its 
characterisation. 

Aristolochine crystallises from methyl alcohol and melts at 215°. It 
has the formula Cj7Hki 0 3 N and it is interesting to compare this with that 
of Moaristolochic acid, C17H11O7N, another constituent of the same roots. 
The base forms additive compounds with benzene and toluene, a property 
which is also exhibited by the cinchona alkaloids (Winterstein-Trier, “ Die 
Alkaloide," 1931. p. 405). 

We have now prepared a larger quantity of the alkaloid and are engaged 
in the investigation of its constitution. 


EirttlUINTAl. 

Extraction and Isolation of the Alkaloid Aristolochine. —The crushed 
roots (50 kg.; alkaloidal content 0*05 %) were extracted with alcohol. The 
alcoholic extract was concentrated to a small bulk and treated with excess of 
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dilute hydrochloric acid, when a considerable amount of the extracted 
material separated as a thick viscous mass. The aqueous layer was sepa¬ 
rated! treated with excess of ammonia and repeatedly extracted with 
chloroform. The chloroform solution was dried over anhydrous sodium 
sulphate! filtered and extracted with dilute hydrochloric acid. The acid 
solution was concentrated on a water-bath, treated with animal charcoal, 
filtered and again concentrated m a vacuum desiccator over solid sodium 
hydroxide. The hydrochloride gradually separated as a microcrystalline 
powder (Fig. 2) and was purified by recrystallisation from water. This was 
dissolved in water and excess of ammonia added, when the base separated as 
a curdy precipitate. This was filtered and dried. It was found advisable 
to crystallise it first from toluene when the base was obtained in the form of 
an additive compound. 

This addition compound dissolved readily in methyl alcohol, but the free 
base separated out soon as a crystalline powder, yield 20 g. When crystal¬ 
lised again from methyl alcohol (Fig. 1) it melted at 215 0 , [ a ]^ 
•-268*6°. [Found: C, 71*3, 7 *' 4. H, 6*6, 6*6, N, 4*8, 4*91 M. W. 

(Kljatschkina it al, Chem. Ziniil., 1932,1, 1376) 289, 292; CjtHxoOsN 
requires C, 71*6, H, 6*7; N, 4*9 per cent. M.W., 285]. 




Fig. 1. 


Fig. 2* 


Aristolochinc 


Aristolochine hydrochloride. 


P,operUc> of Anslolochint.-The hydrochloride melted at 268° 
(decomp.), [a] 25 * = -236-2°. (Found: Cl, xr*. C 17 H iy 0 3 N, HClrequires 
a n o per cent). The hydrohromide melted at 262° and decomposed at 
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28a*. (Pound: Br, 2i’5. C17H19O3N, HBr requires Br, 21*8 per cent). 
Both these salts are fairly soluble in water. The addition compound with 
toluene melted at 159® (decomp.) [Found: C, 74*4; H, 7*1; N, 4*2, 
(Ci7H 19 0 8 N)b, C t H 8 requires C, 74^3; H, 7*0; N, 4*2 per cent], and that 
with benzene melted at 163° (decomp.). [Found : C, 74*2; H, 7*0; N, 4*4. 
(Ci7Hi 9 0 3 N)s , C l /H 6 requires C, 74*1; H, 6-8; N, 4*3 per cent]. From 
this also, the free base could be generated by treatment with methyl alcohol. 

The picrate was prepared by adding the requisite amount of picric 
acid, dissolved in methyl alcohol to methyl alcoholic solution of the alkaloid. 
It gradually separated out on cooling, but could not be recrystallised from 
any solvent. It was repeatedly washed with boiling alcohol. The dried 
material decomposed at 222°. The picrolonate, m.p. 232° (decomp.), was 
also prepared in the same manner, and it was possible to crystallise it from 
methyl alcohol. 

Aristolochine is sparingly soluble in most of the common solvents. It 
dissolves readily in alkalis, but is precipitated on saturating the solutions 
with carbon dioxide. It does not give any colouration with ferric chloride. 
It is found to contain one methoxy group [Found: OMe, xo‘7. CjeHieO#N* 
(OMe) requires OMe, 10*9 per cent], but no methylene-dioxy group (Hans 
Meyer, “Analyse und Konstitutionsermittlung organischen Verbindungen," 
1931, p. 497; Sanchez and d’Alessio, Chew. Zentrl., 1932, II, 257). It is 
unacted upon by boiling alcoholic potash or reagents for carbonyl groups, 
and contains only one reactive hydrogen atom (Zerewitinoff estimation, 
Found : r'a H-atoms). The nitrogen atom is found to carry twp methyl 
groups when estimated according to the method of Haberland and Slotta 
{Bet., 1932, 65 , 127) using Friedrich’s micro-apparatus. (Found: NMe#, 
157. Ci n H 1 3 O s NMe 2 requires NMe 2 , i5'5 per cent). 

The constitution of aristolochine as well as its pharmacological pro¬ 
perties (the latter in the University Medical College, Mysore) are under 
investigation. 

One of us (P. R. K. S.) is indebted to the University of Mysore for a 
Research Scholarship which enabled him to take part in this work. 


Department of Chemistry, 
Central College, 
Bangalore. 
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POTENTIOMETRIC ESTIMATION OF LEAD WITH 
SULPHIDE SOLUTIONS. 

By Gopal Lal Maheshwari and J. B. Jha. 

Lead has been potentiometrically estimated by several methods; Mailer 
and Gabler ( 2 . anal. Chem., 1922, 82 , 28) used ferriferrocyanide electrode 
for its determination. The method is said to give good results for concentra¬ 
tions above o'oiM. This electrode has been investigated by Muller in 
collaboration with various authors for the titrations of lead in presence of 
various metals. Many of these methods require very precise conditions for 
successful results and hence their utility as working methods is limited 
(Muller and Pree, Z. anal. Chcm., 1927, 72 , 200; also Muller and Hentschel 
ibid., 1927, 72 , 1). More recently Pamfilov and Ivanoeva (/. Gen. Chem., 
1931, 1 , 760) have used what they term bromopotentiometric method. 
Golbachadd and Compton (Ing. Eng. Client. Anal. Ed., 1930, 2 , 397) have 
described a method with the use of thermionic valves. These authors have 
used potassium chromate solutions as the precipitant and the end-point is 
denoted by a minimum deflection on a milliammeter. Kolthoff and Furman 
(‘Potentionietric Titrations," 1931, p. 187) have described a method with 
the use of sodium sulphide as precipitant and silver in v^N-KBr as a 
compensation electrode. The error in this case amounted to 1—2%. 

Recently Mukai (l)ull. Tech. Coll. Kyushu Imp. Vniv., 1929, 8,17) has 
applied the principle of the potentionietric titrations to the estimation of 
lead. Good results have been obtained with lead nitrate solutions only, 
with lead acetate solutions the results are irregular. Millet (Trans. Faraday 
See., 1929, 28 , 147) has also shown that the concentrations of lead ions can 
be obtained by the e.m.p. measurements of lead in lead citrate solutions 
hut his aim is not analytical as is evident from the perusal of his paper. 

The titrations described below were carried out with hydrogen sulphide 
solutions and the method has the merit of being more accurate and simple. 
The whole titration can be performed within a few minutes, without the use 
af any mechanical device for stirring, etc. The method, however, is not 
suitable for solutions having concentrations greater than 0*02 N< as it has 
!xen found difficult to increase the concentration of hydrogen sulphide for 
jorresponding titrations. Moreover, hydrogen sulphide requires care in 
seeping and have to be standardised daily. The standardisation is not 
lifficult and can be carried out with standard iodine solutions. 
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Experimental, 

Lead Solutions .—Lead in the form of lead acetate dissolved in water 
with a little acetic acid to get a clear solution was used for estimation. To 
check the results of titrations lead was estimated gravimetrically as sulphate. 

Sulphide Solutions .—These were prepared from sodium sulphide 
(B. D. H. A. R.) by dissolving it in a buffer solution consisting of equal 
volumes of sodium acetate and acetic acid solutions each o-alST. The 
hydrogen sulphide solution was kept under hydrogen and used in the same 
way as titanous chloride solutions are used in reduction methods of titrations 
(Knecht and Hibbert, ‘‘ Reduction Methods of Titration/’ 2nd Edition). 

It may be pointed out here tliat the solutions keep admirably well 
under hydrogen. Photochemical action on the decomposition of hydrogen 
sulphide of the surface action due to glass seems to be slow. In one case 
no measurable change was observed after 30 hours. 

Titration Vessel .—A special titration vessel was made out of a 
wide-mouthed bottle. A cork with three holes was fitted to the mouth of the 
bottle (250 c.c.). Platinum electrode, the connecting end of the calomel 
electrode and the lower end of the burette were inserted into these holes, 
A closed bottle for the titrations is necessary to check the loss due to 
diffusion, while the solution is flowing out of the burette. 

The hydrogen sulphide solution was standardised by running out a 
known volume of the solution from the burette in a standard iodine solution 


containing a known amount of iodine. The excess of iodine was then 
titrated back with sodium thiosulphate solution of known strength. 

The agreement between gravimetric and potentiometric results is 
given in Table I. 

Table I. 
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’ s. h. f. variationsduring two titrations are given below. 

The titrations were carried with a drop burette as suggested by Kolthoff 
and Furman (“ Potentiometric Titrations," 1934, p. 84). 

Concentrated solutions of lead acetate were prepared and the amount of 
lead estimated by the gravimetric method as sulphate. The solution was 
then diluted to the strehgths (approximate) given below. 


Taki.r II. 

Lead acetate=M/soo (approx-) 


Vol of HjS 
solution. 

Pbpptd. 

e. m . r. in volts 1 
against saturated 
calomel electrode. | 

oc.c. 

0.0% 

—0*0400 volt. 

5 

76-55 

— 0*0210 

6 

91*66 

—0*0380 

6*112 


-0*0450 

6*224 

95*3 

-0*0300 

< 5-336 

... 

-9-0590 

6*382 


1 

0 

4 1 

6-45 

... 

-0-0750 

6*50 

99*58 

-9*1000 

6-55 

... 

-0*1450 

6*60 

xoi*3 

—0*1720 


Maximum —at 6-53 c.c. 


Quantity of lead found by potentio¬ 
metric titration—0-009383 g./'25 c.c. 
Quanttty of lead found by gravi¬ 
metric analysisso-009313 g./2S c.c. 
Percentage error=0%. 


Tabi.k III 

Lead acctate=M/20oo (approx.) 


Vol. of HjS 
soln. 

Pb pptd. 

E. m. F. against 
saturated calo¬ 
mel electrode. 

0 c.c. 

0% 

+ 0*0520 volt. 

S 

69*2 

-0-0040 

9 

77*92 

-0*0120 

10 

86*58 

—0*0170 

i) 

95*24 

—0*0300 

11*2 

96*97 

—0*0420 

II "3 

... 

-00580 

11*4 

... 

-o'o68o 

21*46 


—0*0740 

21-51 

99*59 

—0*0900 

«*55 

... 

—0 2400 

22 60 

200*45 

-0*2550 


de 

Maximum— at 11. 535 c. c. 


Amount of lead found by the 
above titration «= 0*002345 g. '25C.C. 
Amount of lead found by the gravi¬ 
metric analysis— 0*002345 g-hsc.c. 
Percentage error—0% 
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It is dear from the above table that the method gives better results for 
more dilute solutions than for stronger ones. 

The method is specially adopted for the estimation of lead in lead 
acetate solutions used in dyeing industry, where estimations are frequently 
required and are done with more tedious methods. 


Summary. 

Potentiometric titration of lead with hydrogen sulphide solution has 
been described. The results have been found to be satisfactoiy for dilute 
solutions of lead acetate. 

Our thanks are due to Prof. H. Krall, Head of the Chemistry Depart¬ 
ment and to Prof. B. L. Vaish for constant encouragement. 


Chimiqu Laboratories, 
Agra Couige, Agra. 
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A METHOD OF QUALITATIVE ANALYSIS WITHOUT 
THE USE OF HYDROGEN SULPHIDE. 


By M. B. Rane and K. Kondaiah. 

The obvious undesirability of the obnoxious and poisonous hydrogen 
sulphide gas as a necessary reagent in the chemical laboratory, induced 
many previous workers to devise alternative schemes of qualitative analysis 
avoiding its use. Fresenius ("Qualitative Analysis’’, 17th Ed, translated by 
Mitchell, pp. 836-849), gives the details of five such alternative methods, 
vie:— 


(a) Schiff and Tarugi’s thioacetate method 
(it) Vortmann’s sodium sulphide method 

(iii) Votmann’s thiosulphate method 

(iv) Ebler and Knoevenagel’s method of separation by means of hydra* 
sine and hydroxylamine salts 

(v) Alinkvist's method using potassium hydroxide and potassium 
carbonate. 

In these methods, however, sulphides of alkalis and other thio-salts, not 
leas undesirable, are freely used. It was only recently that a method in 
which hydrogen sulphide in any form is specifically eschewed, has 
worked out by 0 . Macchia (Z. anal. Chem., 1927, 27 ,180). The method, 
however, is rather complicated and elaborate. 

The present method, in which the bases are divided into five groups, 
gives a sharp and satisfactory separation and is expeditious. No 
modification is needed even in presence of phosphates, oxalates, etc. The 
method has been verified in the laboratory by analysing a number o { co m- 
pkx mixtures containing 10 or 12 bases and the results have been quite 
satisfactory. The scheme confined to the common base is outlined in 
Table I. 
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Tabu I. 


Separation of the basic constituents into groups . 


Vttti the mixture with hydrochloric acid and evaporate with nitric arid : 
take op with nitric acid and filter. 

Residue:— Filtrate + ammonium sulphate. 

Ag, Sb, Sn 

and Insoluble matter Ppt. Filtrate Test for phosphoric acid. 

Ba, Sr, Pb, 

(Ca) Add ammonia and ammonium phosphate 


Group!. Group II. 


* Ppt..*— 

Filtrate 

-Heat with NaOH 

Na, Al, Cr 



Mu, Bi, 

Ppt 

Filtrate : 

Ca, Mg 

Co, Ni, 

Zn & As— 

(As) 

Cu, Cd 

Hg 


Group III. 

Group XV. 

Group V. 


About i g. of the mixture is treated in a Casserole with 5-10 c.c. of 
izN -hydrochloric acid, heated and then without filtering, boiled with 10 c.c. 
of i6N-nitric acid, evaporated to dryness, the residue treated with 5 c.c, 
more of the acid, warmed and filtered (cf. Note 1). The residue is washed 
with 6 N-nitric acid and treated as Group I. The filtrate is treated with 
15-20 c.c. of a 20% ammonium sulphate solution, heated to boiling, allowed 
to stand a little, and filtered. The precipitate contains Ba, Sr (Ca) and Pb 
as sulphates. About 2 c.c. of the filtrate from above is tested separately in 
cold, with ammonium molybdate for the presence of phosphate (cf. Note 2), 


Note z. Experiments have shown that SbfO*, formed under the circumstances, 
is practically insoluble in nitric arid 6 N and above, though slightly soluble in add of 
lesser cencentratkras </. Indian Chem. Soc., 1936, 18 , 544). ^ 

Note a* In presence of ammonium sulphate, the phosphomolybdate precipitate is 
thrown, down readfy in cold (dis ti n cti on from arsenomolybdate which requires boiling 
|oe pee^Mkm, 
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The rest of the solution is heated to boiling and a liberal excess of 6N-ammonia 
is added until a strong smell persists, and then a hot solution of iN-ammo- 
nium phosphate until there is no further precipitation (c/. Note 3). The 
precipitate is treated as Group III (cf. Note 4). 

The filtrate from the above is boiled with 15-20 c.c. of a 3AT-sodium 
hydroxide solution. The precipitate is washed with NaOH solution and 
treated as Group IV. Zn and As, forming Group V, are tested for in the 
filtrate from Group IV, while the alkalis are tested for in the original mix¬ 
ture. 


Group I 

Residue from hydrochloric and nitric acid treatment: Treat with 6 N 
ammonium hydroxide, filter and wash. 

Residue :—Stannic oxide, antimony pentoxide and other acid Filtrate -.—Acidify with 
insoluble matter. Treat with ammonium acetate and filter. 6N.nitric acid. White 

ppt. 

Residue Digest with 5-xo c.c. of 12 N-hydro- Filtrate :—Test Ag. 

chloric acid and filter. for lead with 

chromate. 


Residue Acid Filtrate 1 Chlorides of tin 

inaol. matter. and antimony. Heat with 
Treat in the reduced iron powder and 
usual way. filter. 

Residue :—Black Filtrate :— 
metallic antimony. Stannous 
Dissolve and con- chloride, 
firm as usual. Confirm 

bv HgClf 
test. 


Group II. 


Treat the precipitate with 5—15 c.c. of 3 N r -ammonium acetate and filter. 

Residue Boil with 25 c.c. of saturated sodium Filtrate Test with potassium 

carbonate solution, with a pinch of the solid (NagCOj). chromate. Yellow ppt. soln- 
Decant through a filter and repeat the process. ble in sodium hydroxide, Pb. 

Residue : Carbonates of Ba, Sr, Ca and Pb Filtrate Na*SO| reject, 

if any. Take up with nitric acid and 
remove lead by addition of NH4OH and 
test the filtrate for alkaline earths as usual. 


Note 3. Ammonium phosphate is added to precipitate here Ca, Mg. and Mn also. 
Noit 4. Ordinarily mercury is precipitated with ammonia and ammonium phos¬ 
phate ; the presence of excess of ammonium sulphate, however, keeps it in solution. 
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Group III. 


Precipitate : Hydroxides, phosphates or arsenates of Fe, Al, Cr, Bi, 
Mn, Ca and Mg. 

Dissolve in 62 V-hydrochloric acid, and treat with sodium carbonate and 
sodium peroxide and filter. 


Ppt. Fe, Mn, Bi, Ca and Mg Dissolve 
in 6N-nitric acid, with a little HjO* if 
necessary; evaporate, and boil with 6N- 
nitric acid and potassium chlorate. 


Filtrate : — Alnminate, chromate, phosphate, 
arsenate of sodium Acidify with hydro¬ 
chloric acid, test one portion for As, 
after reduction with SOf, by Bettendorf 
test and add ammonia to the rest. 


Ppt. Black Filtrate Add ammonium 
MnOj; chloride and ammonia. 

confirm Ppt. Dissolve in sodium Filtrate 'Vel¬ 
as usual. Ppt. Bi & Filtrate Ca, hydroxide and treat with low, chromate 

Fe. Dissolve Mg. Separate barium chloride and Cr. Confirm 

in HC 1 and test as usual filter. as usual 

add granulated 
zinc, heat and 
filter. 


Ppt —Barium Filtrate Al. 

phosphate, Acidify and 

Residue :Black Filtrate Fe. reject. test as usual. 

Bi; dissolve Oxidise, and 
in nitric acid confirm as 
and confirm usual, 
tn alkaline 
stannite test. 


To the solution of Group III precipitate in 6AT-hydrochloric acid, 
which should be about 25 c.c. in volume, a saturated solution of sodium 
carbonate is added to turbidity. It is then cooled and a little sodiun\ per¬ 
oxide powder and 1-2 g. of sodium carbonate added and the mixture boiled 
slowly for about 10 minutes. It is diluted with 10 c.c. of water, and filtered 
by decantation ; the residue is treated again with a few c.c. of hydrochloric 
acid, neutralised and boiled w ith about 1 g. of sodium carbonate for 5 
minutes and finally filtered and washed. The precipitate contains Fe, Bi, 
Mn, Ca and Mg as hydroxides or carbonates. ( Cf . note 5). 


Note 5. The treatment with sodium carbonate and sodium peroxide was found to 
convert practically completely the oxalates and phosphates of this group into carbonates, 


7 
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Group IV. 

Ppt.: —Oxides or phosphates of Ni, Co, Cu, Cd and Hg. Dissolve in 
6N-hydrochloric acid and treat with A 1 and filter (c/. Note 6). 

Filtrate Treat with sodium hvdroxide solution 
Ppt Co and Hg in metallic in excess, filter and wash, 

condition. 

Test a small por- Dissolve bulk of Ppt. Cd, Co, Ni. Dissolve in Filtrate:— 

tionofppt. with ppt. in nitric acetic acid and treat with ammo- A1. Reject 
Cn foil for Hg. acid; boil off ex- nium oxalate, filter and wash, 
cess acid and test 

for Cn with potas* Ppt White Filtrate Co, Ni. Con- 
sium ferrocyanidc Cd oxalate; centrate and test, for 

in the usual wav. dissolve in as Co with KNOg 

little IIC1 as and for Ni, with 

possible and dimethyl glyoxime 

add potassium in the usnalway. 

ferricyanide, 
vellow ppt. 

Cd. 


Group V. 

Solution:—Zn and As. 

Acidify with hydrochloric acid and boil with 3N-sodium carbonate 
solution and filter. 

Ppte. :—Zn OO.v Dissolve in IIC1 and confirm Filtrate Sodium arsenate. Reduce 
bv ferrocwanide test or Rimminn’s green with SO a and test for As by Betten- 
test with the Zn COj. dorf test. 


Group VI. 

(NII 4 ), K and Na. 

The original mixture is treated with water containing a few cc. of 6 N 
HC 1 arid filtered. A small portion of the filtrate is tested for (NH 4 ) by 
sodium hydrbxide and the Na and K are tested for in the bulk of the solu¬ 
tion, after removing other bases by Ba (OH)* and H*S 0 4 treatment, in the 
usual way. 

Note 6 . Treatment of the hydrochloric acid solution of Group TV ppt. with a 
small piece of A 1 foil precipitates all the Cu and Hg. Some nickel and cobalt may also 
be preipltated here. After the A 1 piece goes in solution, add about 5 c. c. of 6 N-HC 1 and 
allow to stand a little when, precipitated Ni & Co, if any, would go in solntion. 


Chemical Laboratories 
X tufpu University, Benares. 


Received March 16,1936. 



CHEMICAL EXAMINATION OF CLERODENDRON 
1NFORTUNA TUM. PART I. 


By Hirendra Nath Banerjbe. 

Clerodendron Infortunaium or the India Bhant or Bhat (N. O. 
Verbenaceoc) is a gregarious shrub, very common in the warm regions 
throughout India from Gurhwal and Assam to Ceylon. The importance 
of the plant from medicinal point of view has been advocated by 
Rheede, Dr. Bhola Nath Bose (Pharmacopoeia of India) and Thornton 
(Pharmacographica Indica , p. 79) as vermifuge, anthelmintic and also 

as a cheap and efficient substitute for Chiretta. In the indegenous system 
the young twigs of Bhant are ground into a thick paste and the pills prepared 
therefrom swallowed with water, for the destruction of intestinal worms. 

In view of the facts mentioned above a systematic chemical investiga¬ 
tion was undertaken to find out the active principles responsible for the 
therapeutic action of the drug and also as far as possible to elucidate their 
chemical constitution. 


Experimental. 

Test for Alkaloids. —50 G. of air-dried, finely powdered leaves when 
treated with Prollius fluid did not indicate the presence of any alkaloid. 

Table I. Table II. 


Analysis of leaf . Analysis of Leaf-ash . 


Ash 

8-04% 

Ash soluble in water 

... 45 *o 8 % 

Protein ... 21*12 (N 

3 - 33 ) 

Ash soluble in add 

... 47*57 

Crude fibre ... 

14-84 

Insolubles 

- 7*35 

Free reducing sugars ... 

3-oo 

SiO, ... 

... 7*35 

Total sugars after 


MnOj ... 

... o.zz6 

inversion ... 

17-05 

FejOj ... 

••• *’45 



PA 

... a*8a 



CaO 

... 24*70 



MgO ... 

... 10*28 



Total alkali [Na ,0 + K, 0 ] 

... 32*28 



a 

... 2*20 



so, ... 

... 8*84 



co, ... 

... 8*40 



Total determined ... 

- W 7 «% 
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Extraction with Various Solvents .—In order to ascertain the general 
character of the constituents present, 193 g. of air-dried leaf-powder were 
extracted successively in a Soxhlet apparatus with various solvents. The 
different extracts, thus obtained, were dried at xoo° and weighed. 


Table III. 


Petroleum ether (b p. 30-50*) extract 

... 

... 3 * 85 % 

Ether extract 

... ... 


... 2*31 

Chloroform extract ... 

... 


... 1*82 

Absolute a’eobol 



... 8*75 

Water extract 

••• 


... 14*10 

Residne left over 

••• 


... 69*00 

Lom by dlff. 

••• ••• 

• • 

0*17 




100 


Petroleum Ether Extract. Isolation of Clerodin. 

The extract obtained from 3 kg. of air-dried leaf-powder consisted of 
a deep greenish yellow solution with an extremely bitter taste. On 
concentration, crystals apj>eared. These on recrystallisation from toiling 
50% aqueous alcohol (charcoal) were obtained as colourless long glistening 
needles, extremely bitter in taste, in. p. 161' -62'. 

The petroleum ether mother liquor was distilled oil to remove the 
last traces of petroleum, when a deep gieen pasty mass was obtained. 
It was distilled tn steam and the distillate was found to be turbid but free from 
any bitter taste. This distillate was found to contain a volatile essential oil 
with a strong odour of the drug. By repeated extraction with 60% alcohol 
a further crop of the bitter substance was obtained from the pasty mass. 
The total yield of the bitter substance amounted to 0*12% of the air-dried 
leaf. 

Interesting physiological and chemical properties of the bitter subs¬ 
tance, on which a note has been published (Science and Culture , 1936, 8, 
163), will be the subject of a future communication. The substance has 
been named clerodin. 

After complete removal of clerodin, the pasty mass was repeatedly 
extracted with 80% alcohol. The extract gave large silvery plates whiqf 
after recrystallisation from 80% alcohol (charcoal) appeared as hexago^ 
plates, m. p- i47 0 -4S 0 answering to all the colour reactions of sterols, ah 
getting precipitated by alcoholic digitonin. The acetyl derivative melted at 
W7*-a8*. The yield of Sterol was leas than 0*01 % of the Bhant leaf. Afy 
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separation of the sterol the mother liquor deposits a substance in flakes in 
extremely small quantity, which seemed to be an alcohol, ni. p. 75 0 . 

The dark pasty residue was dissolved in ether and purified 
(charcoal and Fuller’s earth). After removal of the solvent a dark-coloured 
butter-like mass was obtained. 12 G. of this substance were sajxmified and 
the crude fatty acids liberated and removed. The aqueous portion after 
treatment with barium carbonate and filtration was concentrated to a syrup 
under reduced pressure, and identified as glycerol by the acrolein test. The 
paste, therefore, contains a fixed oil. Determination of iodine value (76*1- 
75*7) and saponification value (186-176*1) shows that it contained much 
impurities, which could not be easily removed. 100 G. war, therefore, 
saponified with alcoholic potash, alcohol removed and the soap dissolved in 
water, when a rubber-like elastic cake (20 g.) separated out, and was removed. 
The soap solution was thoroughly washed with ether to remove all unsaponi- 
fiable matter, and the free fatty acids liberated and obtained in pure state. 


Table IV. 

Constants of the free fatty acid mixture. 


Iodine-value 

Neutralisation 

Mean M. W. 

Unsaponifiable 

(Hanus). 

value. 


matter. 

XXX‘42 

183*9 

305 

475% 


The fatty acids were then separated into their solid and liquid compo¬ 
nents by the Twitchell process (J. Ind . Eng . Chem ., 1921, 13 , 806). 

Table V. 



Yield 

Iodine value. Ref. index. 

Neutralisation 

value. 

MeanM. W. 

Liquid acid 

... 80% 

138*1 1-4840 

at 30* 

196 

285*7 

Solid add 

... 30 

6*79 m. p. 70* 

X70 

399*4 



8 . p. do* 




Determination of the Individual Liquid Fatty Acids.—*The liquid acid 
mixture obtained above was brominated at -io° in dry ether s°M||n accord* 
tag to Eihner and Muggenthaler (Lewkowitsch, Chemical Technology and 
Analysis of 008 , Fats, 4 Waxes,” Yol. I, p. 585). 
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Unolenic Acid .—After bromination, ether-insoluble hexabromide wad 
precipitated, which was filtered, washed free from bromine, thoroughly dried 
and weighed. After recrystallisation from benzene the bromide melted 
at i77*-78°. (Found: Br, 63*66. Calc, for Ci8H 30 O 2 Br6: Br, 63*33 
percent). 

The mother liquor from the ether-insoluble hexabromide was washed 
thoroughly with hypo and then with water. The ether was then distilled 
off and the residue redissolved in l>oili»g petroleum ether and on cooling 
linolic tetrabromide did not separate. 

Oleic Acid. —The petroleum ether solution was then evaporated when 
a brown oily mass consisting entirely of oleic dibromide was obtained. 
(Found: Br, 36*08. Calc, for C 18 H3 4 0 2 Br2 : Br, 36*18 per cent). 


Table VI. 

Composition of the liquid acid mixture . 



Yield. 

Corresponding acid 
calculated. 

Percentage of each 
acid in the mixture. 

Oleic dibromide , 

2*50 

i*6o 

74*88% Oleic 

Unolenic hexabromide 

i -47 

o *54 

25*13% Unolenic 


Examination of the Solid Acids .—The solid acid mixture (15 g.) was con¬ 
verted into the methyl ester and fractionally distilled under reduced pressure 
(1 mm.). The saponificatiou values of the different fractions were determined 
from which the mean M. W. were calculated. The respective acids were 
then liberated from their different fractions and their melting points deter¬ 
mined. 

Table VII. 


Temp. 

Wt. 

Saponification 

value. 

Mean MAW 

M. p. of 
liberated 
acid. 

% of each in 
solid acid. 

160—270* 

i-6a g. 

197-6 

283-9 

66-67* 


t 7 o~X 75 * 

a-x8 

194-8 

287-9 

66-68* 


175—180* 

180—190* 
riaing up to 

1*22 

193-2 

291*9 

67-68* 

Stearic add% 
48*82 

too* 

4*83 

174-0 

321-9 

75 * 77 * 

Ugnoceric 

add 
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Residue weighing 2*ig was found to consist mainly of crude ligno- 
ceric add. 


Unsaponifiable Matter • 

The unsaponifiable matter which was obtained as a non-crystalline 
mass with a waxy appearance and deep orange colour was preserved in a 
vacuum desiccator in a dark place. From this product after complete 
separation of all sterols, first by freezing out its methyl alcoholic solution, 
and then by precipitation with digitonin, the two pigments carotin and 
xanthophyll were separated by the method of Wilistatter. These were 
identified by spectroscopic analysis as well as SbCl 3 reaction and 
Molisch's test. 


Sterol . 

• 

The sterol portion obtained by freezing out the methyl alcoholic solution 
of the unsaponifiable matter after repeated crystallisation from alcohol with 
animal charcoal did not give a definite crystalline product with a sharp 
melting point. It melted at 138-140° with softening at 135 0 The acetate 
prepared direct from this product softens at 65° and melts at 68-70°. The 
whole of the sterol was, therefore, precipitated from solution by digitonin 
and the digitonide converted direct into the acetate. The sterol acetate, thus 
obtained, was a tuft of needles, m.p. 125-27°. The total amount of the 
sterol was, therefore, quantitatively estimated by the digitonin method of 
Windaus and the amount was found to be 1*20% of the oil. 

The mother liquor left after separation of the sterol as digitonide was 
freed from any excess of digitonin and a quantity of waxy material with a 
characteristic odour was obtained. This dissolved completely in boiling 
acetic anhydride from which nothing separates on cooling. This evidently 
indicates that naturally occurring hydrocarbons are not present in any 
appreciable quantity but that aliphatic alcohols probably constitute the rest 
of the unsaponifiable matter. 

The Ether Extract .—The ether extract of the leaf-powder after purifica¬ 
tion gave an oil which was found to be similar in composition to the oil 
obtained from the leaf by extraction with light petroleum ether. Saponi¬ 
fication value, 18^ iodine value, 76*23. 

The viscous mass was found to contain traces of gallic acid, giving 
blue-black colouration with ferric chloride and a positive Young test for 
gallic acid (Chem , News, 1883, 18 , 31). 
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The Chloroform extract was not bitter and did not give 
any crystalline product. After extraction with 3% hydrochloric acid, the 
extract failed to give the usual test for the presence of alkaloids. 

The Alcoholic extract on concentration and standing did 
not give any crystalline suljstance. After complete removal of the 
alcohol, the residue was dissolved in water. The opalescent solution, 
thus obtained, was thoroughly extracted with ether. From the ether 
solution gallic acid was obtained and identified by the preparation of tri¬ 
acetyl derivative, in. p 168-69°. 

The aqueous solution after ether treatment was treated with lead 
acetate and then w ith lead subacetate. The filtrate freed from the preci¬ 
pitates was treated with sulphuretted hydrogen and the lead-free solution 
was concentrated to a syrup. The syrup reduced Fehling’s solution and the 
amount of reduction did not show any increase after boiling with hydro¬ 
chloric acid. The syrup was laevo-rotatory and the sugar content estima¬ 
ted polarinietrically agreed fairly well with that estimated by Benedict 
method and was 612% of the total alcoholic extract. Copious crystals 
of osazonc were obtained, m.p. 202°-203°. 

The Lead Acetate Precipitate was decomposed in aqueous 
susi>ension and the de-leaded material was found to consist of 
tannins only. Similarly the lead subacetate precipitate was found to 
contain tannin and a reducing sugar. 

The Aqueous E-rtiact. —The aqueous extract was thoroughly examined 
and found to consist of reducing sugars, traces of tannin, proteins, 
chlorides and sulphates. 


Table VIII. 

plant . 

0 * 12 % 
o- 55 % 
0*05% 

traces only. 

Some Physiological Properties of Clerodin . 


Amount of clerodin in different Parts of the Bhant 
Young leaves & twigs collected before rains 
„ „ just after rains 

Old leaves 
Stem and roots 


Effect of Clerodin on Red Blood Corpuscles .—Well washed R.B.C. 
suspended in physiological saline (2 c.c.) was added to 8 c.c. of saturated 
solution of clerodin (0*06%) in isotonic saline and thoroughly mixed 
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together. The mixture was incubated at 37° for 24 hours, after which the 
RJBvC. was found to have completely settled down leaving a clear colourless 
solution above. Under the microscope the corpuscles were found to be in* 
tact showing that clerodin has no haemolytic action on human R.B.C. 

Bactericidal Action on B. Coli. —A 12 hours’ culture of B. Colt in 
Neutrient broth (1 part) and clerodin solution (1 part) in sterile normal saline 
Were thoroughly mixed and incubated for 24 hours at 37 0 . A subculture 
made from this mixture showed that B. Coli was not killed. Similar results 
were observed with different media, e.g., peptone sloution, with lactose 
and glucose. Growth of B.Coli was evident by the production of acid and 
gas. Saturated aqueous solution of clerodin has no bactericidal property 
as tested against r B. Coli , the most common member of the intestinal 
Flora, 

Anthelmintic Property : Toxicity to Earthworms .—The toxicity of 
clerodin to earthworms was investigated according to the method of Sollman 
(/. Pharm. and Exp. Therap ., 1918, 12 , 129). The experience of Straub [and 
Tradelepberg and also of Sollman indicates that in some cases the toxicity 
of drugs to earthworms may run more or less parallel with their toxicity to 
parasitic worms, although earthworms belong to a totally distinct zoological 
group. Drugs toxic to earthworms are considered to have possibilities as 
anthelmintics (Chopra and Chandler ‘'Anthelmintic and their'Uses,” p. 20). 
In the present case clerodin has been found to kill earthworms in aqueous 
solution within 30 minutes. 

Small fish apolochetlus melastigma were killed by such solution in half 
an hour and also mosquito larva? in two hours, when experiments were 
carried out with them according to Fink and Haller (/. Econ. Entom ., 1936, 
29 , 595). From all these experiments it will be evident that clerodin is toxic 
to lower order of life. 

Clerodin is soluble in hydrochloric acid, olive oil, castor oil, glycerol, 
and slightly in liquid paraffin and vaselin. To see how far the drug may act 
injuriously to mammals, 0*1 g. of clerodin dissolved in 10 c.c. of olive oil 
was fed to a rabbit (body wt., i*2 kg.). No injurious effect whatever was 
observed. Clerodin may, therefore, act as a vermifuge without any 
injurious effect on the host. 

My thanks are due to Sir J. C. Bose, Prof. N. C. Nag and Dr. J. P. 
Sarcar for the interest they have shown and to Prof. J. C. Ghosh for en¬ 
couragement and advice. 


Boss Research Institute, 
CAicufta. 


Received November iff, 1936. 
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A NOTE ON THE PREPARATION OF /3-4-METHOXY. 

I -NAPTHOYLPROPIONIC ACID. 

By K. P. Davb and K. S. Nabound. 

A recent publication of Fieser and Hershberg (/. Amer. Chem. Soc., 
1956,08, 2314) renders it unnecessary to continue the work we have been 
doing since last July. The results already obtained are recorded below. 

Ruzicka and Waldmann (Helv. Chim. Acta, 1932, 10 , 907) first ob¬ 
tained $-4-methoxy • 1 -naphthoylpropion ic acid by condensing a-naphthol 
inethyl ether with succinic anhydride in presence of aluminium chloride 
using carbon disulphide as the solvent. As the yields by this method were 
not good (30-40%) we investigated this reaction using different solvents 
and obtained 40% yield by the use of petroleum ether and 90-92% yield by 
using either nitrobenzene or acetylene tetrachloride as the solvents. d*4* 
Methoxy-i-napthoylpropionic acid has been characterised by the preparation 
of methyl ester (m.p. 56°) and an ethyl ester (b.p. 23o°/i5 mm.). The 
constitution of the acid has been further confirmed by its synthesis by the 
action of succinic anhydride on the Grignard reagent prepared from 4-bromo- 
1 -methoxy naphthalene. 


Experimental. 


To a boiling suspension of succinic anhydride (4g.) in benzene (20 c.c.) 
was added the Grignard reagent prepared from 4-bromo-i-methoxy-naph- 
thalene (8 g.), magnesium (1.5 g.) ether (50 c.c.) and a crystal of iodine. 
It was warmed for half an hour on a water-bath, decomposed by ice and 
dilute sulphuric acid. The ether-benzene layer was once washed with water 
and then extracted with a dilute solution of sodium carbonate. On acidi¬ 
fying the sodium carbonate extract a greenish solid separated (2*5 g.), which 
on crystallisation from methyl alcohol melted at 172°. It did not depress 
the m.p. of £-4-methoxy-1 -naphthoylpropionic acid. 

Methyl P-4-methoxy-i-napthoylpropionate, prepared by esterifying the 
acid with methyl alcohol, is soluble in benzene, ethyl acetate and hot methyl 
alcohol, and melted at 56°. (Found: C, 68'28; H, 5'7. Ci S H Ie 0 4 requires 
C, 68'43;H, 5*67 per cent). 

Ethyl P-4-melhoxy-i-napthoyipropionate had b.p. 230°/i5 mm. (Found: 
C, 7t'ai; H, 6 29. CitHjsO* requires C, 71*32; H, 6*99 per cent). 

M. R?8c. I. Gujxat Couagi, Received December 36, i«6 

AaoDip. — 



ON THE PHOTOCHEMICAL OXIDATION OF ORGANIC 
SUBSTANCES BY HYDROGEN PEROXIDE IN ACID 
MEDIUM WITH INORGANIC SOLS AS 
PHOTOSENSITISER. 

By Tarapada Banbrjek* 

In some unpublished papers from this laboratory, photochemical 
reactions have been studied with the follow ing sols as photosensitisers 
Tungstic acid sol and ferric hydroxide sol As oxidants w ere used iodine, 
potassium indigo-tetrasulphonate and methylene blue. 

These oxidants have geuerully absorption for radiations of 366 w and 
in determining the amount of eflective intensity of radiation absorbed 
by the photosensitising sol alone, indirect methods of calculation had to 
be employed. The use of hydrogen peroxide as an oxidant removed this 
defect as it has comparatively small absorption at 366 /*/*. By carrying out 
experiments on photo-oxidation only in the range of p n 1*5-4*8, the spon¬ 
taneous decomposition of H y O 2 was avoided. The use of hydrogen per¬ 
oxide has also the advantage, that its concentration at any time during the 
progress of the reaction can be accurately estimated volumetrically. 

It is well known that hydrogen peroxide reacts with tungstic acid, 
molybdic acid, vanadic acid and chromic acid sols to form pertungstates, 
permolybdates, pervanadates and peichromates* 

Brode ( J . Phys . Chcm ., 1901, 37 , 299) observed that pertungstic 
acid remains fairly dissociated in solution. But quantitative data about 
the equilibrium constant w T as supplied by Pissarjewsky (Z. physikal • Chem., 
1903, 13 , 167), who deterimed the free H 3 0 2 in aqueous solution by parti¬ 
tion experiments with ether. 

In experiment with o’osM-NagWO* and (in o*i25M 

HaSOJ, the concentration as bound H*Oa was found by Pissarjewsky 
(loc. cit,) to be 0*0385%. So the concentrations of H^O2 and free tungstic 
acid sol are 0*0385Af and o'on$M respectively. Therefore the equilibrium 
constant 


K= ( o- 058 s)x (°-oii5) =i -- 5 x I0 -» 
(00385) 73 


With the help of this equilibrium constant, we can calculate the bound 
HjO, in mixtures of different concentrations of H#0$ and tungstic acid 
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sot. la Table I are given the concentrations of bound HgOg when the 
conce n tration of tungstate is 0*025 M and that of HgOg between 0*0112 M 
0*0557 M, as was the case in our experiments on photocatalytic reaction 
with the system. 


Table I. 


Cone, erf tungstate (M) ... 

0*035 

0*035 

0*035 

0*025 

0*035 

0*035 

Cone, of HjOj (M) 

0*02X3 

0*027 

0*026X 

0*0353 

0*038 

0*0557 

Gone, of bound HjOj (M)... 

0*00585 

0*00830 

0*02242 

0*0x38 

0*02437 

0*0x729 


It is evident from the above table that when the initial concentration 
of HgOg is low, the concentration of bound H s O* in the mixture is 
proportional to the initial concentration of HgOg, while at higher initial 
concentration of HgOg, the concentration of bound HgOg remains practi¬ 
cally unaffected by the change in the initial concentration of H s O*. 

It is clear therefore that in a mixture containing a tungstate, hydro¬ 
chloric acid and H. 2 Og, we have free hydrogen peroxide, pertungstic acid 
and micelles of tungstic acid sol; and it is very probable that the molecules 
of pertungstic acid is adsorbed on the surface of these micelles. The 
process of photocatalysis may be depicted as follows :— 

Activated pertungstic acid on micelle surface + reduction 

= tungstic acid sol + oxidised product. 

Tungstic acid + HgOg = pertungstic acid. 

The mechanism of photo-oxidation is similar in the case of other sols, 
but quantitative data on the equilibrium between the acid sol, peracid and 
hyrogen peroxide are not available. 

Permolybdates have been described by Pechard, Pissarjewsky and 
others. Owing to dissociation and formation of colloidal complexes, the 
results are not reliable. The general results therefore show that there are 
two permolybdic acids, permonomolybdic acid (MoO g , HgOg and HgMoO.,) 
and perdimolybdic acid (Mo 0 3l aHgOg or H 4 Mo 0 6 ). 

Pervanadic Acid.— Meyer and co-workers (Z. anal. Chem., 1926, 69 , 
1520) found that Vg0 5 dissolves in HgOg giving a pale yellow solution, 
which appears to contain vanadic acid in a colloidal form ; at the same 
time HgOg is catnlytically decomposed. 

Vanadic Acid Sol• —We have found that in presence of sufficient 
•cetic acid, the vanadic acid sol prepared by the action of acetic add on 
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sodium vanadate does not decompose hydrogen peroxide and is not 
coagulated during the process of oxidation of glucose. 

According to Canneri ( Gazzetta , 1926, 88, 11,779), the electrical 
(conductivity of solutions of sodium metavanadate acidified with increas¬ 
ing quantities of acetic acid varies continuously at 30°, indicating that 
condensation of molecules of metavanadate is a continuous function of the 
concentration of acetic acid. 

Dumanski in a series of papers has established the point of view that 
with progressive increase in the number of atoms of vanadium in a 
molecule of vanadic acid, the colloid-chemical properties become more and 
more manifest. 

Perchromic Acid. - When hydrogen peroxide is added to chromic hydro¬ 
xide, per-compounds are formed (Barreswil, Ann. chitn. phys ., 1848, Hi, 20, 
364). When the concentration of hydrogen peroxide and chromic acid is 
very high, the per-salt decomposes liberating oxygen. But in very dilute 
solutions, when the concentration of hydrogen peroxide is less than that of 
chromic acid, we found that the per-salt is stable and no decomposition was 
observed for 8 hours in a quartz vessel (vide Section F). 

Experimental Arrangement .—The source of light was a point source 
quartz mercury lamp which was run from a battery of 30 volts. An amme¬ 
ter in circuit and a variable external resistance were used to keep the 
strength of current at values between 2 and 2*6 amperes. 

For isolating monochromatic radiations at 366/*/*, Schott and Gen ultra¬ 
violet filter No. 312 was used. In the case of red light, a thousand c.p. point- 
o-lite Ediswan Lamp was used with suitable filters. Wave-length 579/4/4 
was isolated with the help of Zeiss monochromators. 

Light from the lamp was rendered parallel by a quartz lens placed at its 
focal distance from the lamp and passed into the reaction vessel, kept inside 
a double jacketed box through a window of fused quartz plate. The tem¬ 
perature was kept constant within 0*1 0 by circulating water from a ther¬ 
mostat through the annular space of the box. The reaction vessel was a rec¬ 
tangular stoppered cell made of plane parallel plates of fused transparent 
silica. 

No cement was used, the rectangular joints being fused to one another. 
The closed stopper was very well ground into a circular aperture in the 
thick top plate of the reaction cell. 

The intensity of incident radiation was varied by using quartz lenses of 
different focal lengths. The method of measuring intensities actually ab¬ 
sorbed by the reaction mixture consisted in first observing the deflection in 
a Moll galvanometer with a Moll surface thermopile, covered with a quartz 
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window and placed immediately behind the reaction cell which contained 
only water. The deflection was next noted when the cell was filled with the 
reaction mixture. The difference gave the quantity of radiant energy ab¬ 
sorbed by the reacting system. The thermopile recording system was fre* 
quently calibrated by means of a Standard incandescent lamp, tested by the 
National Bureau of Standards, Washington. The scattering power for light 
was found very small in the case of the sols (unpublished work by Ghosh 
and BanerjeeJ. 

In experiments with hydrogen peroxide, cleanliness must be scrupu¬ 
lously observed, it being very unstable in presence of dust particles. In these 
experiments most of the apparatus, including the Pyrex titrating vessels, were 
steamed one day before the time for carrying out an experiment and kept 
in a glass case. All the apparatus were not allowed to come in contact with 
any solid substance except glass. One glass hooked pipette stand was made 
for the purpose. 

All extra-pure chemicals (Merck or Kahlbaum) were used in these 
experiments. Hydrogen peroxide used was Merck s Reagent ‘Perhydrol’ 
stocked in paraffined bottle. The rate of reaction was followed by estimating 
the decrease in the concentration of hydrogen peroxide with time. For esti¬ 
mating hydrogen peroxide, the well knowu standard method of Kingzett (J . 
Chem. Soc., 1880, 792) was adopted. 0*2— 0 3 C.c. of reaction mixture was 
taken for each titration with a micropipette. The iodine liberated was esti* 
mated with standard thiosulphate (generally o'oiN) from a microburette, 
reading direct to o'oi c.c., using freshly prepared starch solution as internal 
indicator. On performing the blank experiments with redistilled water, 
sulphuric acid and potassium iodide at 80 0 the temperature at which the 
estimation was carried, it was seen that iodine liberated in 15 minutes is 
practically nil. It must be mentioned here that throughout these series of 
experiments, redistilled water was used for preparing all the solutions. The 
hydrogen peroxide was freshly prepared before each day s experiment as it 
decomposes in glass vessel after standing for some time (about 10-12 hours). 
It is stable in quartz vessel for a much longer time. For measuring tem¬ 
perature coefficient, maximum temperature used was 37° ’5, as above this 
temperature, hydrogen peroxide becomes unstable and gives erratic results. 


A . The Photochemical Oxidation of Glucose by Hydrogen Peroxide 
in Acid Medium with Tungstic Acid Sol as Photoscnsitiser. 

In presence of light, hydrogen peroxide cannot oxidise glucose in 
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add solution but when some photosensitiser, e.g ., tungstic acid sol is added 
to the system, oxidation commences. 

A mixture of glucose, hydrogen peroxide, hydrochloric acid, and 
sodium tungstate does not react when kept in the dark for a sufficiently 
long time (14 hours). 

The unimolecular velocity constant was calculated by the formula 
K = 2’3*i/*log (aja—x) where t is reckoned in seconds. The zero-mole¬ 
cular velocity constant A'0 is given by the number of g. mols. transformed 
in 1 second in a unit cell (1 cm. x 1 cm. x 1 cm.). 


Table Ila. 

Effect of varying the concentration of hydrogen pcioxidc. 

Wave-length =366^/*. Temp, of thermostat = 32°*5. Strength of thio¬ 
sulphate = o‘01 N. Ho 0 2 = o'oi7M. Cone, of sodium tungstate=o’oa5M. 
Cone, of HC 1 = 0*0783^ Cone, of glucose = 0*02 5M. Intensity of absorbed 
radiation = 2030 ergs per sq. cm. per sec. 


Time. 

Pertungs- 

tatc. 

C c. thiosulphate 
s0*232 c c. reac¬ 
tion mixture 

Kummol with respect to H s Oj 
■=2*3 x l/foec log a.'a-x. 

0 min. 


0755 


60 

0*0071 M 

o^55 

5*36 x 10" 5 (Induction period) 

120 

0*0054 

0*475 

8*92 x 10' 5 (between 283) 

180 

0*0040 

0*345 

8*90 x 10' 5 (between 284) 


Mean 8 - 92 * io~ 5 


Tabi.e II b. 


Cone, of hydrogen peroxide = 0 0353M. Other factors same as before. 


Time. 

Pertungstate. 

C c. thiosulphate 
= 0*232 c c. reac¬ 
tion mixture. 

K n (zerumolecular with res¬ 
pect to expressed in 

g mols, transformed per 
sec. in a unit cell). 

omin. 


1*64 


60 


i*54 


120 

0*0X22 

i*35 

12*0 x zo" 1 ® 

182 

0*011 

1*16 

ii* 8 x kT 1 ® 




Mean 11*9 x zofjW 
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Table III* 



Tungstate«o‘o25M. Glucose=o'o25M. Intensity of absorbed 

radiation “ 2030 ergs per sq. cm. per sec. Thiosulphate=o'oiN. 
i (thickness of reaction cell) = 1 cm. Cone, of HC 1 added*0*0783#. 

HA. 

Pcr- 

tungstate. 

Ktmhnol * 20* 

K 0 * xo 1 ®. 

y (quantum 
efficiency). 

0*0X22 M 

o*oo 585>J 

9*04 


2*40 

0*0X7 

0*00830 

8*92 


1*50 

0*0353 

0*0138 


11*90 

1*92 

0*038 

0*0x437 


xx *90 

1*92 

0*0557 

0*01719 


12*41 

i*97 


Table IV. 

Sodium tungstate ** o'025M. HC 1 added = o‘o766N. Intensity of 
absorbed radiation same as in Table II. 


Glucose. 

HA 

Per- 

tungstate. 

Kuaiinol X10®. 

K 0 x io 1 *. 

o*oo63M 

o*oi 74M 

o*oo845M 

8*44 


if 

0*034 

0*0135 


12*02 

0*05 

0*0172 

000835 

9*13 


ss 

00373 

0*0x42 


12*63 


It.will be noticed from Tables II and III that the reaction follows the 
unimoleculAr law when the concentration of hydrogen peroxide is low, but 
at very high concentration of hydrogen peroxide the reaction is zeromole- 
cular. In this respect, it resembles the heterogeneous gaseous reactions* 
The concentration of hydrogen peroxide is without any appreciable influ¬ 
ence on the uniraolecular or the zeromolecular velocity constants* 

There is a considerable period of induction at the beginning of the 
reaction and this increases with the increase in the concentration of 
hydrogen peroxide. 
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Table V. 

Effect of varying the concentration of glucose. 


Intensity of absorbed radiation per sq. cm. per sec. ■» 2030 ergs. 


Glucose. 

HfOf. 

HC 1 added. 

Cone, of 
tungstate. 

Kunimol * 10 *. 

0*05 M 

0*0172 M 

0*0766 N 

0*025 M 

9**3 

0*025 

0*017 

» 

»» 

8*92 

0*0065 

0*0x74 

Fig. 1. 

M 

» 

8*44 


Though i/c plotted against sfK 
gives us approximately a straight 
line (Pig. 1), the variation in K with 
concentration of glucose is so small 
that the velocity constant may be 
taken as practically independent of 
40 80 iao 160 the concentration of glucose. 

l/e —^ 

Effect of Varying the pn of the Reacting System .—The pm of the 
system was kept constant with citrate buffer. It was found that citrate 
buffer did not react with hydrogen peroxide in presence of sol even in the 
ultraviolet light. It must be mentioned here that citrate buffer was found 
to inhibit the spontaneous decomposition of hydrogen peroxide even when 
the concentration of hydrochloric acid in the reaction mixture was very 
low. The hydrogen ion concentration of the reaction mixture was deter¬ 
mined electrometrically using a quinhydrone electrode. 

Table VI. 

Sodium tungstate=o'oasM. H 2 O a = o'oi7M. Glucose=o'o2sJH. 



Thiosulphate—o'oiiV. 


HC 1 added. 

p H of reaction 
mixture. 

Energy absorbed in 
ergs/sq.cm./sec. 

Kunimol * Io\ 

0*0318 N 

• 4 * 7 » 

1843 

3*37 

0*0366 

3*«>7 

2500 

9*36 

0*0414 

2*39 

2580 

10*07 

0*0462 

2*11 

2580 

7*89 

0*0510. ^ 

*‘94 

2580 

7 * 4 * 

0*0558 

x-83 

2580 

6*90’ 
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The velocity of reaction at first increases rapidly with the decrease in 
the p» value of the reacting system, reaches a maximum value and then 
decreases with the further decrease in the pn value of the system. The 
reaction is minimum when the concentration of HC 1 added is nearly 1*5 
times the concentration of sodium tungstate. 


Table VII. 


Effect of varying the intensity of absorbed radiation . 


d (thickness of the reaction cell) = 1 cm. Glucose=0-0258!. 



Tungstate 

= 0-0258!. 



• /al¬ 

IJCJ added. 

HjQ,. 

Xunimol 

X IO 5 . Kq X IO 10 * 

ia) 2030 

0*0783 N 

0*038 N 

— 

11 *91 

919 

0*0766 

0*0384 

— 

8*27 

Ibt 2030 

0 (>783 

0*017 

8*92 

— 

9*9 

0*0766 

0*0172 

6*02 

— 

The velocity 

constants vary as 

the square 

root of 

the absorbed 


radiation. 

Tempciaturc Coefficient. —The temperature coefficient is small, being of 
the order of 1 -1-1-2. 

Quantum Efficiency of the Process. —The calculation of two typical 
examples are given below. The dimension of quartz cell in this case was 
1*8 cm. x 1 *8 cm. x 1 cm. 

Example 1. Here the velocity constant is unimolecular. 

In Table Ila, the intensity of absorbed radiation per sq. cm. per sec. 
by a column of solution 1 cm. thick 


= 2030 ergs® 


_2039_ x 3*66 x io“ 7 _ 

(6-55 x io' V7 ) x (3 x io 10 ) x (6-i x io 23 ) 
=6*20 x 10“ 10 Einstein. 


Einstein 


Again the number of g. mols. transformed in unit time in a unit cell 
(1 cm. x 1 cm. x 1 cm.) (taking readings for 120 minutes aftei the induction 
period was over) 


0*23 2 


x O-OI 


2 X lOOO X 120 X 60 

Quantum efficiency of the process 


.“9-87 x io~ 10 . 


— No. of g. mols. transformed m 2-87 x io~ 10 
No. of Einsteins absorbed 6*2 x 10’ 10 


* In this and other tables that follow, 7*1*. signifies intensity of absorbed radiation 
in ergs/aq» cm./sec. 
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Example a. Here the velocity constant is teromolecukr (Table IIb). 

Intensity of absorbed radiation»6-2 x io -10 Einstein (as before). 

No. of g. tools, transformed in i sec. in a unit cell 

mg = »-9rxio~ 10 
i 

Quantum efficiency = II ’ 9 I x I0 _| =1-92. 

6*2 x IO 1U 

The mechanism of reaction in the present case, when tungstic acid sol 
acts only as photocatalyst with HgO* as oxidant and glucose as reductant, is 
materially different from that of the photo-reaction when tungstic acid sol 
itself was the active oxidising agent. There the reaction was always zero- 
molecular and the velocity of reaction was proportional to the intensity of 
radiation absorbed. 

In this case, however, the following characteristic features are 
observed :— 

(1) For relatively high concentration of HgOg, the reaction is zero- 
molecular with respect to HqO* but for lower concentration of HgOg it is 
uuimolecular. 

(2) The velocity of reaction is proportional to the square root of the 
intensity of absorbed radiation. 

(3) The quantum efficiency is generally greater than unity calculated 
on the assumption that the whole of the absorbed radiation is available for 
photo-activation. 

(4) The inverse of the velocity constant plotted against the inverse of 
the concentration of the reductant is a straight line. 

The following mechanism explains all these characteristics. 

The whole of the absorbed radiation is assumed to be effective for 
purposes of photochemical transformation. 

A quantum of absorbed radiation decomposes a molecule of pertungstic 
acid thus :— 


PT (adsorbed on tungstic acid sol) + hv —► T + O ... ... (x) 

[WO,] (OH) [O,H ]»0 + W 0 i( 0 H), ... ‘ ... ... (1) 

O+PT (adsorbed on tungstic acid micelle) —► O,(active) + T ... (a) 

O* (active) —+• O, (normal) ••• ... ••• ••• (3) 

Of (active)+glucose —+• gluconic acid + 0 ... ... ... (4) 

Q+O —* O, ... ... ... — — (5) 

2 





66 


T. BANERJEE 


The stationary concentration of O atom is given by 

~ -K»[03*+K 4 [0, active] <? +K,[0] C.w 
hv ° 

where C»[n] is the surface concentration of pertungstate and C* is the 
surface concentration of glucose. 

Reactions (4) and (2) have practically the same velocity. 

H ““' 1°)- VTpS ' 

The stationary concentration of O g active is given by 
K g [ 0 ]C.rrrj “R's[O s active]+A’ 4 [Og active] C* 


or 


[0 8 ] (active) = 



C.M 


A3 + A4 c\ 

Hence the velocity of oxidation of glucose is given by (4) 


and is = \/~kir v ' K * C '^- -“ 

K 3 + K 4 C 

O 



K 8 


K 1 Crt (nalk) 
K" + K’Crr (Hulk) 



R3 + K4 c 


O 


It is probable that the absorptive capacity of tungstic Add itiicelles 
for pertungstic acid molecules will be very large, so that practically' all 
the latter molecules may exist in the surface phase. Even then,'’it would 
be expected, as already pointed out, that the concentration of pertungstic 
acid will be proportional to the concentration of H 9 C 9 at low concentrations 
of the latter; hence in this region we should observe unimolecular velocity 
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constants; but when concentration of H a O a is large, Cm (Bulk) remains 
poetically constant and we get zeromolecular velocity constants. 

Again according to Langmuir, 


R 

K 6 

C =--- 

G R 

Kt+KsC 


R 

where C is the bulk concentration of the reductant. 

B 

R R 

When C is very large, K 7 + K 6 C may be taken practically equal to 

B B 

B R 

K e C , and we have dx/dt practically independent of C under otherwise 

B B 

identical conditions, as has been experimentally found to be the case. 


B. Induction Period. 

The photochemical oxidation of glucose by hydrogen peroxide in acid 
medium with ordinary tungstic acid sol as photosensitiser is attended 
with a large period of induction. Some typical data are shown in Table 
VIII. 

Table VIII. 


ZhUs. 

Glucose. 

HC1. 

HA. 

Tungstate. 

Period of 
induction. 

(a) 2030 

0*025 M 

o'o 783JV 

o-o 38M 

0*02 $M 

29 min. 

919 

11 

0*0766 

0-0384 

i» 

53 

(b) 2030 

11 

0-0783 

0-020 

it 

25 

919 

•• 

0*0766 

•1 

11 

41 


Period of induction increases as the intensity of absorbed radiation 
decreases. 

The. influence of various variables, e.g., concentration of reactants, 
intensity of jadjation* etc., on the period of induction was * studied and the 
observations may be summarised thus:— 
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rd 

(#) The induction period suddenly becomes very great when the mota* 
cone, of hydrogen peroxide exceeds the concentration of sodium tungstate. 

( ii ) The induction period increases as the pn of the system decreases. 

(Hi) The induction period decreases as the intensity of absorbed radiation 
increases. 

Photo-reaction with Pre-excited Tungstic Acid Sol .—Here tungstic acid 
sol was first exposed to ultraviolet light for a sufficiently long time (about 3 
hours) and then mixed with other components of the reacting system. The 
results are given below. 


Table IX. 

(a) Glucose«o*025M. HCl=o*o8N. H 2 0 2 =o*oi 58 . Sodium tungstate 
=o-o25ftf. Temp.=32°*5. Thiosulphate=o-oi N. d =0*5 cm. 

Intensity of absorbed radiation=461 ergs per sq. cm. per sec. 


Time. 

C.c. thiosulphate =0 232 c.c. 
reaction mixture. 

Kuntmol * 10®. 

0 min 

0*73 

... 

58 

0-625 

4*44 

118 

°’54 

4*26 



Mean 4-37 

(6) H 2 0 2 = *029iV. 

0*5 cm. Other factors same as in (a). 

Time. 

C.c. thiosulphates0-232 c.c. 
reaction mixture. 

K 0 x io*0 

(No. of g. mols. transformed 
in 1 sec. in a unit cell). 

0 min. 

*•34 

... 

57 

1*20 

8*8o 

* 3 <> 

1-02 

8*84 



Mean 8*82 


Flic induction period observed before disappeared when the sol was 
matured by exposure to the effective radiation before it is mixed wtfh the 
other components of the reacting system. Here again the velocity tsoMtttft 
is tmrmolecular when the concentration of H*C) 2 is low and set higher 
concentration of hydrogen peroxide it is zeromolecular. The 
of hydrogen peroxide is without any appreciable nritaenoe on the 
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unimoiecrfar at the reromolecolar velocity constants, and tinder similar 
conditions of experiment the velocities observed are nearly the same as 
in Section A. 


Table X. 

Effect of varying the concentration of hydrogen peroxide 

Intensity of absorbed radiation-950 ergs per sq. cm./per sec. d*o's cm. 
Sodium tungstate=o o2sM. HC 1 added=o-o8N. 


Glucose (M) 

0*0125 0*0125 0*0125 0*0125 0*0125 

0*025 

o‘o25 0*025 

0*0063 

•0*0063 

HA- 

0*011 0*014 0*0157 0*0284 o*0343 

0-0118 

0*015 0*028 

0*0112 

0-029 

Kunimol x IO 5 6*56 6*21 6*51 

6-51 

6*56 

6-26 


Kq x jo** 

12-56 X2*6l 


12*52 


X2*40 


Table XI. 





Effect of varying the concentration of glucose. 



Glucose. Tungstate. HjOj. 


HC 1 . 

Ktmimol x 10®. 

0*025 M 

o*o25M o*oii M 


o-oSN 


6*56 

0*0x25 

„ o*oxi8 


»» 


6*51 

0*0063 

„ 0*0112 


M 


6*26 


The velocity constant is practically independent of the concentration 
of glucose. 


Table XII. 

Variation of the intensity of absorbed radiation. 


ith. 

Glucose. 

Tungstate. 

HgO*. 

na. 

x xo®. 

1C® x 10 1 ®. 

(a) 950 

0*025M 

o*o25M 

o*oi57M 

o*o8N 

6*51 


46X 

»t 

it 

0*0159 

it 

4 *i 8 


W 93 «> 

M 

11 

0*0284 

11 


12*56 

461 

It 

it 

0*0288 

11 


8*84 



n 
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The velocity constants vary as the square root of absorbed radiation. 

Effect 0/ Varying the pm of the System .*-The pm of the system was kept 
constant with citrate buffer as in the previous section. No reaction was 
found between citrate buffer and hydrogen peroxide in presence of pre¬ 
excited tungstic acid sol in the ultraviolet. 

Table XIII. 


Glome 

Tungstate 

HA- 

pn. 

Ktn&ncft * IO 

0025M 

0*0 2$M 

0*01 80M 

6*39 

1*20 

n 

M 

0*0180 

5 ‘ 4 i 

2*35 

» 

»» 

0*0145 

4*41 

7*82 

N 

M 

0*0x40 

1*17 

7*36 

H 

*1 

0*0145 

1*13 

6*44 


The mechanism of reaction is the same as that with unpre-excited 
tungstic acid sol. 

C. Photo-oxidation of FoimoXdthyde and Lcevulose. 

The reaction is more or less similar to the oxidation of glucose by 
hydrogen peroxide in acid medium with tungstic acid sol as photo-catalyst 
with some exceptions. Neither of these reactions had any induction period. 
There is no dark reaction in both the cases. The velocity of reaction 
obeyed unimolecular law for low concentrations of hydrogen peroxide. The 
influence of the nature of polarisation of the exciting light was studied. 
Formaldehyde was standardised by estimating with iodine and sodium thio¬ 
sulphate (vide Plinuner, “Practical Organic and Bio-chemistry*' p. 85). 
Pfanstiel’s leevulose was used for the reaction. 


Table XIV. 

(a) HfO| s o , o2M. Tungstate = o*025iW. HC1 «o*i>877N. Formalde¬ 
hyde «0*0362 M. Thiosulphate“o-oiN. Temp.=22°. /»b* —1930*6 ergs. 


Time. 

C.c. thiosulphate 
■ <r$ c.c. of the 
reaction mixture. 

Kestmol with 
respect to 

HA* 

Kamn. 

Quantum 

efficiency. 

0 min. 

1*42 

— 



60 

1*29 

2*85 X 10’ 1 



190 

i*r6 

2*92 K IO ’ 1 

2*85 x I0' # 

. 1*0(9 

910 

*0i 

1*00 

276 x 10-1 
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(W H^Oi^o’oaJf. Tungstate =«o *025 Af. HC 1 =o*o 78 N. Lcevulose 


» 0*025 Af. 

Thiosulphate=o-ox N. 

Temp.■» aa°. 

7 .t>«. ■ 1931 ergs. 

Time. 

C.c. thiosulphate 
■0*3 c.c. at the 
reaction mixture. 

Jffunimol with 

respect to 
HgOf. 

K rnNun. 

Quantum 

efficiency. 

0 min. 

1*190 




60 

0*925 

7*02 x 10** 

6*97 x io“ 8 

2*05 

140 

0*660 

7*02 X IO" 8 



240 

0*440 

6*90 x IO~ 8 




From the above table it is quite evident that neither of the reactions has 
any period of induction. 


Table XV. 

Effect of varying the intensity of absorbed radiation . 

A = 366/i/i. Temp.~22°. Cone, of tungstate*o-25M. Cone, of H s O^ 


=»0*02 Af. 




fftba. 

Reductants. 

HCl added. 

JCunimol x io 1 . 

(a) 1031 ergs 

H CHO (o*o36Af) 

C0877M 

2*8 5 

668 

»i 11 

»» 

1*17 

(b) 1931 

Lee vu lose (o*o25M) 

0*078 N 

6*97 

77a 

11 11 

11 

4*03 


The velocity constant under otherwise similar conditions varies as the square 
root of the intensity of radiation absorbed. 

The mechanism of reaction is the same as with glucose as the 
reductant. 


D. Influence of Promoters. 

& 

No photochemical oxidation of glucose in presence of a promoter only, 
in absence of tungstic acid sol, was observed. Sol, pre-activated for 3 
hours whs used in each experiment and thereby the induction period was 
avoided. The results are given below. 
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Tabu XVI. 

Temp, of thermostat—31°. Glucose *o'o2jJf. Tungstate* 


Constant with* 


uaed. 

Cooc. of 
promoter. 

/«ba. 

HA 

Cooc. of 
acid 
added. 

OoatUM 

with 

promoter. 

out promoter 
under other¬ 
wise identi¬ 
cal conditions. 

FeClj. 6HjO 

Mf 10,000 

696 ergs. 0 034 M 

008 S 

19*64 x 
(zeromol) 

10*91 x 10-* 
(zeromol) 

•I 

»» 

SI 

00387 

ii 

13*81 * 20 ~ 19 
(zero) 

10*91 x »-* 
(aero) 


»♦ 

• e 

0*0136 

ii 

‘ST" 

3*96 X XO" 1 
(uni) 

M 


M 

0*0110 

•1 

TBT 

3*96 x io** 1 
(uni) 

e» 

M/5000 

*5*3 

OQ348 

01175N 

33*18 * 

(zero) 

14*68 *HT W 
(*ero) 

»• 

M 

IS 

0 0386 

11 

17*36 x io-M 
(zero) 

14*68 x io” 1 * 
(aero) 

M 

»• 

SI 

OOI46 

•• 

8*58 x 20’ 1 
(uni) 

7*43 x io”* 
(uni) 

IS 

M 

II 

0 0091 

11 

io*99 * io’ 5 

(uni) 

7*43 «io-» 
(uni) 

FfSO* 7 H|0 

Af/30,000 

3980 

0*0X33 

11 

15 34 x 10’* 
(uni) 

10*97 * io’ 5 
(uni) 

CuS 0 4 ,6H|0 

»* 

1 * 

0-0131 

11 

1576 x JO** 
(uni) 

10*97 x io~ 5 
(uni) 

Manganr»c 

citrate 

IS 

If 

0x31 

• is 

14*43 x io _l 
(uni) 

io'97 k io"* 
(uni) 


As in the experiments without a promoter, here also the veodty of 
reaction obeys the unimolecular law when the concentration of hydrogen 
peroxide is low and is zeromolecular when the concentration of hydrogen 
peroxide is high. 

The general mechanism of promoter action is not known with certainty. 
The promoter may (») increase the number of active points on the catalyst 
surface,—the area of the surface round about the promoter atom being 
more reactive ; (it) may prevent the destruction of the active point during 
the course of reaction ; (if*) may retard the transformation of active inter* 
mediate reactants into normal inactive forms. 

In the photochemical reactions which we have studied, the reaction is 
initiated by the absorption of a quantum of radiation and hence hypo* 
theses Hi and (ii) about regarding promoter actions are not applicable. 

The promoters somehow retard reaction (3) in conversion of Os 
(active) into Og (normal) or reaction (5), «. conversion of taro oxygen 
atoms into s molecule of oxygen (aide Section A, discussion). 

Yosfaimera (J. See. Chtm. Ind. /a£au, 1934, 87 , 350) explained the 
promoter action of CrjOj in Fe*Oj—CrfO* catalyst in the production 
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of hydrogen by means of water gas reaction by assuming that CrfO a 
retards the movements of active atoms to inactive positions. 

E. Chromic Tungstate as Photosensitiser . 

Tungstic acid sol absorbs only ultraviolet Kght whereas chromic 
tungstate sol, in addition to general absorption in the ultraviolet, has absorp¬ 
tion bands in the yellow and the red. The present investigation was 
undertaken to study the above photo-oxidation in details in light of differ* 
ent wave-lengths. 

Preparation of Chromic Tungstate Sol.—' The sol was prepared after 
Dhar and Prakash (/. Indian Chem. Soc. $ 1930, 7,367). 

Estimation of Tungstic Acid in Chromic Tungstate Sol.—Tungstic 
acid in chromic tungstate was estimated by precipitating the tungstic 
acid with the help of hydrochloric acid and cinchonine hydrochloride 
(c/. Treadwell and Hall, " Analytical Chemistry M , 1924, Vol. II, p. 268) 
and igniting the precipitate as WO s . 

In this paper the molar concentration of chromic tungstate is expressed 
in terms of WO$. 

For red light, a point-o-lite lamp of 1000 c. p. run at a constant current 
of 5 amperes was used. 


Table XVII. 

Effect of varying the concentration of hydrogen peroxide. 


Region=750 

—600 /V*. 

d = i cm. 

Glucose =o' 025M. 

HC1=-o562N. 


HjOf. 

Chromic 

tungstate. 

Ka (No. of g. 
mol. transformed 
per sec in a unit 
cell) (P). 

p , 

Q 

Quantum 
io 1 *. efficiency. 

4500 ergs. 

0*0173 M 

0 *O 3 O 52 M 

13*79 x10“ *• 

3* 06 

o*54 

»» 

0*0182 

•> 

13*49 * xo ’ lf 

3.00 

°'53 

» 

0*0283 

m 

13*79 x 10" w 

3*o6 

0*54 

» 

0*0335 

11 

23*19 x 10" 1 ® 

2*92 

0*52 

»• 

0-0353 

11 

13*49 x 10-W 

300 

o*53 

3500 ergs. 

0*0099 

0*01231M 

10*49 x io'W 

300 

o*S3 

M 

0*0X38 

>* 

10*79 x io' M 

yoS 

0*54 

M 

0*0175 

•» 

20*40 x xo~ M 

a-97 

0*57 

*• • 

0*0183 

*» 

10*49 X 20~*® 

3*oo 

0*53 

•» 

0*03X3 

•1 

xo*79 x lo-» 

3*o8 

0-14 


8 
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Tabu XVDI. 


Rtyjionae36 6^ =3030 er^s-6-2 x io“ 10 Einstein. Glucose= 0*025 M. 

HClaB*039Ar. Chromic tungsUte s o*oo82N. 


HA- 

Ktmimol *i°*. 

KikioW. 

Quantum efficiency. 

0 * 0 X 31 M 

5-ox 

... 

0*9 

0*033 

5.01 

... 

x -7 

0*0174 

»«• 

5*04 

0*815 

0-0463 

IM 

4*92 

0*80 

0-0480 

... 

4*92 

o-8o 

0-0360 

... 

5-01 

o*8i 

0*0740 

... 

5*04 

0*815 

From Table VIII 

it will be seen 

that in the 

region 750-600/^ 


the reaction always obeys the zeromolecular law but when the region (366/1/1) 
Is used as the exciting radiation (Table VIII), the reaction is monomolecular 
at low concentrations of hydrogen peroxide but at high concentrations of 
hydrogen peroxide, the reaction is zeromolecular (cf. Tables XVII and 

xvni). 

In the region 750-600/1/1, the velocity constant is proportional to 
the intensity of absorbed radiation (vide Table XVII, P/Q). 

The reaction is always attended with a very large period of induction. 


Table XIX. 

Effect of varying the concentration of glucose. 
Region used - 750 - 600/1/1. HC1 = 0 0562N. 


Olncoae. 

HjOf. 

Tung»tmtc. 

/aU. 

K § *ioW. 

0.025M 

0*01538/ 

0*02052 M 

45 °° e*g» 

23*49 

0*0125 

0*0153 M 

M 

IS 

u -99 

0*00625 

M 

• » 

IS 

1079 

0*025 

0*01 M 

0*0X2318! 

3500 

11*40 

0*0125 

s* 

» 

SI 

9*59 

0*0625 

•* 

IS 

•8 

719 
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x / c ( glnco«e) Plotted against i/X gives approximately a straight line 
(Fig. a). 


Fig., a. 



40 80 120 x6o 

x/c —> 

Curves i and 2 refer respectively to o*oi23iiVf sol and 0*02 o$M sol. 

1 

Table XX. 

Effect of varying the concentration of hydrochloric acid. 

Region = 750-600 pp. H 8 O s = 000927M. Chromic tungstate=0 02052 M. 


Glucose. 

HC 1 . 

/«bs. 

Ko * io ,# . 

o* 025 M 

0*0562 N 

4500 ergs 

13*79 

is 

o.ojgoN 


* 4*99 

IS 

o*o$6oN 

s* 

15*59 


The velocity constant increases as the concentration of free hydrochloric 
acid diminishes. It is well known that hydrogen peroxide becomes more 
stable, the more acid is added to its solution. 

Effect of varying the temperature.—The temperature coefficient 

( jCt +io ] ^11 being of the order of n$-rao. 
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Table XXI. 

Effect of varying the intensity of radiation. 
Region »366 /i/t. Temp.=30®. 




Glucose. 

HA 

Ha. 

Tungstate. 

KtmJmo) XIO*. 

I. 

*ttoerga 

0*025 & 

o'oaqajM 

0*0390 N 

0*00820 M 



SOS 

tt 

M 

»» 

»» 

*63 

lie 

2030 

M 

0*0121 

M 

M 

5*01 


S05 

»• 

M 

f » 

»• 

2*48 


It will be seen from the above table that the velocity constants vary 
as the square root of the intensity of absorbed radiation in the ultraviolet. 

Quantum Efficiency of the Process. —The quantum efficiency of the 
photo-oxidation was similarly calculated as in Section A. They are given in 
Tables XVII and XVIII. The quantum efficiency of the photo-oxidation at 
366ft/! is always greater than that at 750/1/1—600/1/1, as is to be expected. 

The reaction has the following characteristics : 

(1) At 366/1/1, for relatively high concentration of H s O # , the reaction 
is zeromolecular with respect to H s O* but for lower concentrations of H k Og 
it is unimolccular, while at 600/1/1—750/1/1 where the absorption is due to 
chromium atom of the complex, the reaction always obeys the zeromolecular 

law. 

(a) At 366/1/1, the velocity of reaction is proportional to the square root 
of the intensity of absorbed radiation, while at 600—750/1/1 (red region) it 
is directly proportional to the intensity of absorbed radiation. 

(3) At 366/1/1, quantum efficiency is sometimes greater than unity but 
at 600/1/1—700/1/1 it is always much less than unity, it being much smaller than 
that at 366/1/1. 

(4) inverse of the velocity constant plotted against the inverse of 
the concentration of the reductant is always a straight line. 

It is dear from the above that the chromium pertungstate is simply 
activated by red light, whereas it is decomposed by a quantum of ultra¬ 
violet light. 

The reaction mechanism in red light is given thus 

The whole of the absorbed radiation is available for the activation of' 
chromic pertungstate. 


V 
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Chromic pertungstate (activated) + glucose —► 

chromic tungstate -i- oxidation product ... (») 

Chromic pertungstate (activated) —► chromic pertungstate 

(normal) ... (it) 

. — K l • Cs(Gi 

dt * hv K t + K i Cm(c) 

where Cs(c) is the surface concentration of glucose. 

The quantum efficiency must here necessarily be less than unity. 

A quantum of ultraviolet radiation, since it is able to start a chain 
reaction, may give a quantum yield higher than unity as has been actually 
observed. 

wrf /-<J «| «• • 

Cs(g) is again given by —-- — - (Langmuir) 

K g + ICC** Bulk 

which shows that i jc plotted against i/K should be a straight line, as has 
been experimentally realised. 


F . Vanadic Acid Sol as Photosensttiser. 

The vanadic acid sol was prepared by the action of acetic acid on 
sodium vanadate. The p B value of the sol was determined electrometrically 
using quinhydrone electrode. 

Table XXII shows that a definite quantity of vanadic acid sol liberates 
the same amount of iodine from KI. 


Table XXII. 

NaVOg = o*033Af. Acetic acid m o’oiRJf. Pm *=* 6*o. 

Time in min. C. c. thiosulphate (o'ooqjN) ■ iodine 

liberated by 0*3 c. c. of the sol solution. 


o 


3*24 


60 

xSo a '35 


4 &> 


2 *36 


In a mixture of vanadic acid sol and hydrogen peroxide, the total amount 
of iodine liberated from KI is equivalent to the sum of vanadic acid and 
hydsogen^'peradde. 
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Tabu XXm. 


HA. 

NaVOj. 

pm of the eolation 
(regulated by 
aortic add). 

C. c. thiosulphate 
■ iodine liberated by 
0*4 c. c. of the 
mixture. 

0 •oiM 

0 

5*0 

0*85 

0 

o*o33M 

5 ’° 

2*72 

0*01 

0*033 

5*9 

3*56 


There was no dark reaction when hydrogen peroxide, glucose and 
vanadic add sol in add medium containing acetic acid were kept in the dark 
for 12 hours. 

Tabu XXIV. 

Effect of varying the concentration of hydrogen Peroxide. 

/•!». *1256 ergs. Region=366/71. Temp. *27*. d<= 1 cm. 


Vanadate. 

Acetic acid. Glucose. pn, 

HA 

K| (g. mols 
transformed in 
unit time in a 
unit cell) 

Qnantmn 

efficiency. 

0*033 Af 

o*oi8M o*o5M 5*0 

o'oiiM 

517 x lo'M 

i *35 

M 

•» *1 IS 

0-0156 

5-40 x 10” 1 ® 

1-41 

SI 

It It » 

0*023 

5-40 x io'W 

i- 4 i 

It will be seen from Table 

XXIV, that the reaction 

follows the 

zero-molecular law with respect to H 

*(>9. The reaction is attended with a 

large period of induction. 





Tabu XXV. 




Effect of varying the concentration of glucose . 


. 

Temp. = 27°. 

J*im. = 1256 ergs. 


Vanadate. 

Acetic add. Glucose. 

pm. 

HA- 

Kf x io 11 . 

0*033 Af 

0*018 N o*o65M 

S'o 

o-oiajM 

5 *fa 

•» 

M 0*05 

ss 

SS 

5**7 

M 

.1 0*025 

M 

ss 

3 * 6 * 


* IK when plotted against i/cgiwM. gives a straight line (Fig. 3). 
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FlO. 3 . 


o-s 
| 0-4 

m 

'o 

M 

X 

* 0*3 


0*3 


10 30 30 40 

ilc —> 

Curves i and 2 refer respectively to activated and nonactivated sol. 



Table XXVI. 


Effect of varying the concentration of sodium vanadate- 
Temp. = 27 0 . lab. = 1256 ergs per cm 9 , per sec. 


Vanadate. 


Glucose. H|Oj. 

x io lf . 

(a) o*05M 

5 *° 

0 05 Af 0*012 M 

5*^9 

ib) 0-033 

5*0 

0*05 „ 

5 X 7 

Under otherwise identical conditions, the velocity constant diminishes 
very slightly as the concentration of sodium vanadate diminishes. 



Tablb XXVII. 



Effect of varying the concentration of acetic acid. 



Temp. *= a8*. 

/.b. =4280 ergs per sq. cm. per sec. 


Vanadate. 

Acetic acid. 

pu. Glucose. H| 0 | 

Iff a xoW. 

0*033 M 

••036M 

4*5 o*o3sM 0*012 M 

5*17 

•» 

0*018 

5*0 »» •• 

6*20 
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The velocity constant diminishes as the pa of the reacting system 
diminishes. 

Temperature Coefficient—The temperature coefficient is small being 
of the order of r'a - 1*3* 


Table XXVIII. 



Effect of varying the intensity of absorbed 

radiation. 



Temp. = 28°. 

A = 

366/1/1. 



hu 

Vanadate. Acetic acid. 

N. 

Glucose. 

HA* 

K % x xo**. 

4280 

0*033 M 0*0x8M 

50 

0025M 

o*o xaM 

6*20 

1356 

11 f» 

11 

n 

•> 

3*6a 


Table XXVIII shows that the velocity constant is proportional to the 
square root of absorbed intensity. 

Quantum Efficiency of the Process .—Quantum efficiency of the process 
was calculated as in Section A. y (Quantum efficiency) is generally greater 
than unity varying from 1 to 2. 

Any mechanism of reaction that may be proposed for this photochemical 
oxidation should be in a position to explain the following facts:— 

(1) The velocity of reaction is zeromolecular with respect to H9O3. 

(2) The velocity of reaction is proportional to the square root of the 
intensity of absorbed radiation- 

(3) The quantum efficiency is generally greater than unity, calculated 
on the assumption that the whole of the absorbed radiation is available for 
photo-activation. 

(4) That the inverse of velocity constant plotted against the inverse of 
the concentration of the reductant is a straight line. 

(5) Temperature coefficient is small but of the order of 1*2 - 1*3. 

Assuming that the photochemical reaction takes place only between the 

molecules of glucose and pervanadate adsorbed on the surface of micelles of 
vanadic acid, and that the mechanism is the same as in the corresponding 
oxidations by H a O a with tungstic acid as photosensitiser at 366/1/1 (Section 
A) we arrive at the equation of the velocity of reaction ■» dxfdt 

K 4 C® 
o 

- XjCstFV] - 

k,+k 4 cj 
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8 

where Cs [pvj , C q are the surface concentrations of pervanadate and 
glucose respectively. 

It appears that the absorption capacity of vanadic acid micelle for 
pervanadic acid molecules will always be very large, so that the latter mole* 
cules always saturate the surface layer, and we get a zeromolecular velocity 
constant. 


b Ke C\ 

Again C = -— 

° K 7 + K a C* 
nuik 

so that by plotting i /K against i/rhuik we should get a straight line as has 
been experimentally realised. 

Induction Period .—Vanadic acid sol, prepared by the action of acetic 
acid on sodium vanadate was first exposed to ordinary ultraviolet rays 
(366 fjLfi) for 4 hours, then immediately mixed with other components of the 
reacting system and exposed. 


Table XXIX. 

Effect of changing the concentration of H9O9. 
Region = 366/1/*. Temp.» 26°. 

Jab*. = 1027 ergs, per cm.*/sec. = 3'i x io’ 10 Einstein. 


Na-vanadate. 

Add. 

Pn. 

Glucose. 

HfOfi 

K, x ro'l 

r 

o*033M 

o*ox 8 M 

5*0 

0*025 M 

0*03 M 

4-96 

1*60 

m 

19 


11 

0-0x55 

4*60 

1*48 

** 

Iff 

it 

M 

0*0X23 

4-67 

x- 5 o 

»» 

H 

>1 

II 

0*0009 

5-06 

1-83 


In this reaction with pre-activated sol, induction period which was not 
prominent before completely disappeared. The velocity of reaction is here 
again zeromolecular with respect to H§Of and under similar conditions of 
experiments the velocities observed are nearly the same as observed with sol 
not pre*activated. 

4 
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G. Chromic Hydroxide Sol as Phoioscnsitiser. 

Preparation of Chromic Hydroxide Sol. —To the boiling chromic chloride 
solution, powdered ammonium carl>onate was added to neutralise the free 
hydrochloric acid. The addition of ammonium carbonate to the boiling 
chromic chloride solution was stopped when a small quantity of chromic 
hydroxide was precipitated. Chromic chloride was then added drop by drop 
so as to peptise the precipitated chromic hydroxide. During the addition of 
chromic chloride solution, the liquid was boiled and shaken vigorously. 
The whole liquid w>as then dialysed at a temperature of 7o°-8o°, for 
24 hours whereby greenish chromic hydroxide sol was obtained. 
The pn of the sol was found to be 5*2 with quinhydrone electrode. The 
reaction does not take place at a much lower value of pn . 

No decomposition of hydrogen peroxide was observed in presence 
of chromic hydroxide sol at 57 q/jlh when the concentration of 
hydrogen peroxide was smaller than that of chromic hydroxide. 
Chromic hydroxide reacts with hydrogen peroxide to form per-compounds. 
These additive compounds with hydrogen peroxide can not be removed as 
such by a process of dialysis. Hence it is surmised that the hydrogen per¬ 
oxide complex remained adsorbed on the micelles of the chromic hydroxide. 
The dark reaction was found to l>e negligible. 


Tahi.k XXX. 



Region » 

579 /*/*. Temp. = 26°. 

I*\*. = 800 ergs. 

Glticosc 

Wh 

Chromic hydroxide. 

K 

(tmimolecnlar with respect to HfO|). 

o’oas.V 

o*oi5iVf 

0*0211 M 

12*5 * 10 

M * 

0*0113 

m 

11*32 * IO ~ 6 


The above table shows that the reaction is uniniolecular w r ith respect to 
hydrogeu peroxide. 


//. Molybdic Acid Sol as Photoscnsiiiscr and Ethyl Alcohol as Rcductant. 

Reaction with Non-activatcd Sol. —A mixture of alcohol, hydrogen per¬ 
oxide, hydrochloric acid and ammonium molybdate does not react when 
kept in the dark for 10 hours. 
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Table IXXXI. 

f ^ 

Region=366/1/4. 

1317 ergs. Ammonium molybdate *0*05Af. HCl s=a o*o746N. 


EtOH * 

4*346Af. 

H*0 5 = 0*025 A*. 

Thiosulphate 

= o‘oi JV. 

Time in 

min. 

Time 

interval. 

C.c of thioao*22 c c. 
of reaction mixture. 

Titre differ. 

K XoW. 

0 


i*i 



60 

60 

7*02 (Induction period) 


iao 

60 

0*9 

o*xa 

7*58 (from a & 3) 

186 

66 

0*76 

0*14 

7*80 (from a & 4) 

251 

65 

o*6x 

o*i5 

8-i 1 (from 2 & 5) 


From the above table it is clear that there is an induction period at the 
beginning and it is only after the lapse of this period that the reaction is 
zeromolecular. 


j 

= K 0 (expressed in g. mols. transformed per sec. in a unit cell). 
at 

This is more clearly brought out by plotting dx/dt against time (Fig 4) 
The straight portion of the graph after the induction i»eriod indicates a 
constant value of dx/dt • 


I ; i<;. j. 



20 
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Reaction with Pre-actnated Sol .—Here the molybdic add sol was first 
exposed to ultraviolet light for a suffidently long time (about 3 hours) and 
then mixed immediately with other components of the reacting system. 
The induction period disappeared in this case. 


Table XXXII. 


All the factors same as in Table XXXI. 



Time in 
min. 

Time interval. 

C.c. of thlOB22 c.c. 
of reaction mixture. 

Titre 

difference. 

Kq * IO* 10 . 

I 

0 


x -24 



8 . 

68 

68 

109 

0-15 

8*35 (from i & 2) 

3 

109 

4 i 

o -99 

O*I0 

8*69 (from 1 & 3) 

4. 

303 

94 

0*78 

0*21 

8*58 (from 1 & 4) 

5 * 

24a 

39 

070 

0*08 

8 46 (from 1 & 5) 


Reactions witli pre-activated sol retained the same order (zeromole- 
cular) as in the case of non-activated sol. 


Table XXXIII. 

Effect of varying the concentration of hydrogen Peroxide. 

U\». at 366 fift " 1317 ergs * 4-023 x 10' 10 Kin stein, y ■= Quantum 
efiiciency. d = 0-5 cm. Kt( )H = 4 3461V/. Molybdate=o-osM. 


H|0|. 

HCI. 

* io 11 

(non-activated)* 

y 

(non-activatedr 

K.xioW 

(activated). 

7 

(activated). 


o*o746N 

7-61 

0*95 

7*95 

o*99 

0-0157 

•» 

7’35 

0-93 

7*95 

0*99 

0*021 

II 

VS* 

0*94 

8*03 

1*00 

0*025 

•a 

7-So 

0*97 

8*52 

1*06 


The above table shows that the reaction is zeromolecular with respect to 
hydrogen peroxide. 
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Table XXXIV. 


Effect of varying the concentration of alcohol. 


Ub». * 1636-0 ergs. 


Alcohol. 

HC1. 

Molybdate. 

H|0|. 

* io** Km X xo w 

*non-activated). 'activated). 

4’346Af 

0 * 0746 # 

o*o5M 

0 - 0 ttM 

9*8 xo *6 

2-173 

*# 

•1 

SI 

7*52 7*94 

1*087 


IS 

I* 

5*19 5*43 


1 IK graphically plotted against i/c (alcohol) gives a straight line 

(Fig. s)- 

Fig. 5. 


t 

? 

O 

X 

* 


Hi 

Ml 


Ml 

iai 

Ml 

!■■ 


in 

an 

■■1 


19! 

MB 


■■ 

HI 


igi 

in 


■■ 

■■1 


K3i 

tm 


■■ 

■■1 


Ml 

(21 


■■ 

Ml 

■HI 

■ 

Ml 

■1 

■■ 

M 

■■ 

■■1 

Sn 

■ 

VA 

■I 

■1 

■ 

■■ 

■■ 

■■1 


Ml 

■1 


■■ 

■■1 

fi 

Ml 

■! 


■i 

mm: 


!■! 

■1 


■■ 

mm 


■B! 

■1 


■■ 

mm 

■■1 


Ml 

Ml 

■1 

■1 

■1 

■■ 

■■ 


o*2 o*6 i*o 1*4 


1 fc —> 

Curves 1 and 2 refer respectively to non-activated and activated sol. 


Table XXXV. 


Effect of varying the concentration of hydrochloric acid . 


HCl. 

Molybdate. 

HA- 

Alcohol. 

Ubm. 

A'| * io*t. 

0 - 397 ** 

o a o$M 

o*oaiAf 

4*346M 

2317 Wg** 

4*96 

0*148 

11 

»* 

88 

88 

5*°7 

0*0748 

• ” 

88 

18 

81 

7*58 

0 *QS 

81 

II 

H 

81 

8*48 











88 


T. BANERJEE 


Table XXXVI. 

Effect of varying the concentration of molybdate . 

Molybdate. H, 0 , Alcohol. pm . W (0 K« * io”. 

o-o$M 027M 4'&6 V7 1636 ergs io*io 

0*035 „ M .» *3^5 8*35 

The velocity of reaction is practically independent of the molybdic 
acid sol. 


Table XXXVII. 

Effect of varying the intensity of radiation . 


w 

Alcohol. 

HC 1 . 

Molybdate. 

HjO,. 


14048 

4 ' 32 <> 3 f 

CV0746N 

0*053/ 

0-025 Af 

8-45 

7243 

f 1 

it 

#t 

tt 

4-66 

1404*8 

tt 

ft 

•» 

0*022 

8*07 

7343 

„ 

99 

tt 

it 

4*39 


The zeromolecular velocity constant is directly proportional to the in ten* 
sity of absorbed radiation. 

Quantum Efficiency of the Process .—The quantum efficiency of the 
reaction is of the order of unity. 

Temperature Coefficient. —The temperature coefficient 
the order of unity. 

The photochemical reactions described in this section have the following 
characteristic features ;— 

(1) The reaction is zeromolecular with respect to HgO*. 

(a) The reaction is independent of the concentration of molybdic 
add sol. 

(3) With the increase in the concentration of the reductant, the veto* 
city constant increases, i IK plotted 4 fdnst t/c gives a straight line. 


Kr + 10 

A\ " 


is of 


KIQ X toH 
6-iS 
6*13 
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(4) The temperature coefficient of the reaction is unity. 

(5) The quantum efficiency is approximately unity. 

The whole of the absorbed radiation is available for the activation of 
molecules of permolybdate absorbed on the surface of micelles of molybdic 
acid. 

The rate of reaction between the activated permolybdate molecules and 
the alcohol molecules is given by 

Permolybdic acid + hv —> permolybdic acid (active) ... ... (t) 

Permolybdic acid (active)—► permolybdic acid (normal) ... ... (ii) 

Permolybdic acid (active) + alcohol —> oxidised product ... ... (Hi) 

7//n'=A r 8 [PMl,ehvo + /\»[PM]«h,v, C[ 
where Cl is the surface concentration of reluctant (alcohol). 


Hence 


[PM],Cm = - t- 


K .> + K j 


dxldt**I< 1 


^ K a + K a C* 


17 / Q B 

Now C ** — —•- _where C is the bulk concentration of the 

* K" + K' C\ * 

reductant. 

For large values of c’, is large and in the limiting case the factor 

Jt'. C i _becomes unity. Then we have d * and the quantum 

K" + K' c; dl hv 

efficiency of the reaction is unity. 
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Again normally, dt /dx m 



K*+K,C* 


K. C 


_ hv 

'* ' c 8 


+ k 8 


Under otherwise kDatical conditions, the inverse of velocity constant 
plotted against inverse of the concentration of reductant should give a 
straight Hue as has been experimentally observed. 

In conclusion I would like to express my thanks to Prof. J. C. Chosh 
for his kind interest in the work and to the Director of Public Instruction, 
Bengal for his kindly awarding me a Bengal Government Research Scholar¬ 
ship which enabled me to carry out this piece of investigation. 
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STUDIES IN THE COTARNINE SERIES. PART VIII. DERI- 
VATIVES OF I -AMINOMETHYLHYDROCOTARNINE. 


By B. B. Dey and (Miss) P. Lakshmi Kantam. 


The physiological action of some am inomethyIhydrocotarnine deriva¬ 
tives has recently been studied by Magidson and Gorbowizki ( Ber 1935, 68 , 
656) who report that the compounds have strong mydriatic action. An 
investigation of the reaction between anhydrocotarninomethylamine and 
several nitro-aromatic acid chlorides, e.g. t £-nitrobenzoyl chloride and 
the reduction of the resulting compounds was undertaken in the hope that 
these products, on account of their analogy in structure to certain well 
known synthetic drugs like novocaine, etc., should develop important 
medicinal properties. 

The observation of Magidson and his co-worker (loc. cit.) on the 
reduction of anhydrocotarninonitromethane by means of stannous chloride 
and hydrochloric acid to the methylamino compound as a pale yellow 
solid, m.p. 183°, could not be confirmed ; the amine was always obtained 
as a yellow oil, an yield of 62 % being realised by using zinc dust and 
alcoholic sodium hydroxide as a reducing agent (cf. Haworth and Perkin, 
/. Chcm. Soc ., 1925, 127 , 1444). 

The amine reacts at once with benzoyl chloride, ^-nitrobenzoyl 
chloride, acetyl chloride, etc., in benzene solution, the hydrochloride 
separating out in quantitative yield. The free bases were prepared from 
the hydrochlorides by treating with strong ammonia for a long time. 
The reduction of the £-nitrobenzoylaminomethylhydrocotarnine into the 
amino compound was effected by shaking v\ ith stannous chloride and hydro¬ 
chloric acid. The products which crystallised well from absolute alcohol 
were strong bases easily soluble in cold dilute acids to neutral solutions. 
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A detailed study of the pharmacological actions of these derivatives is 
befag carried out in the Medical College. Madras. 

E X P B 1 IK E N T A i. 

Ankydrocotaminonitromethane (Hope and Robinson, /. Chem. Soc 
ipn, 101, 3114), crystallised from alcohol in colourless prisms melting at 
139*. The yield is quantitative. It forms a sparingly soluble hydrochloride 
(ra.p. 189°) with the colour changing to yellow at 150*, and a picrate 

(m.p. 136-37°). 

Anhydrocotaminomeihylamine (Haworth and Perkin, loc . cit.l 
Magidson and Gorbowizki, loc . cit.) was obtained by the reduction of anhy- 
drocotarninonitromethane (5g.) with zinc and sodium hydroxide in methyl 
alcoholic solution and working up in the usual way. It was obtained as a 
pale yellow oil (3*1 g.) which decomposed on distillation. The dihydrochloride 
was precipitated on saturating the ethereal solution of the base with dry 
hydrogen chloride. It is readily soluble in water and alcohol, m. p. 227°. 
It formed a picrate (m.p. aoo°) and a sparingly soluble sulphate (m.p. 
230 °). 

Benzoylaminomethylhydrocotamine. — To the benzene solution of 
anhydrocotarnmomethylamine, the required amount of benzoyl chloride 
was added with stirring. There was a vigorous reaction with evolution of 
heat and the hydrochloride of the benzoyl derivative quickly separated out. 
The solid was filtered after some time, washed well with dry benzene and 
the crude hydrochloride crystallised from hot water as colourless, hard, 
prismatic needles, m.p. 238-40®. The free base was liberated by keeping 
the hydrochloride in contact with strong ammonia. It crystallised from 
dilute alcohol in colourless thick rhombic plates, m.p. 125®. (Found : 
C, 67*3 ; H, 5*99 ; N, 7*99. C2 0 H* 2 0 4 N a requires C, 67*79 ; H, 6*22 ; 
N, 7*91 per cent). The picrate crystallised from rectified spirit in short 
needles, m.p. 175-77°. 

Action of Methyl Iodide on Anhydrocotaminomeihylamine . 



MeO CH 


I 

CH»’NMe»I 



STubnss m the ootabninb series 


The amine ms treated with excess of methyl iodide, when the reaction 
was instantaneous* The product was left overnight with some mm of methyl 
iodide. The excess of methyl iodide was removed in vacuum and the solid 
was treated with cold water which dissolved moot of it leaving a small 
amount of a thick oil. The clear yellow solution was evaporated in vacuum 
when the methiodide was obtained as a pale yellow crystalline hygroscopic 
solid, m.p. 135 0 (decomp.). (Found : I, 42*66. Ci7H t §O s N 9 I t , aHgO 
requires 1 , 42*45 per cent). 

Acetylaminomethylhydrocotarnine. —The amine was treated with the 
required amount of acetyl chloride. The hydrochloride which separated in 
a crystalline state soon changed into an oily mass ss it was very hygroscopic 
and absorbed moisture. It was dissolved in water and the yellow solution 
basified with caustic soda. The thick oil, which separated, solidified on 
washing with aqueous alcohol. It crystallised from 50% alcohol in colour¬ 
less thin plates soluble in ether, m.p. 141 0 . (Found : N, 9*1. Cj d H S o 0 4 Nf 
requires N, 9*58 per cent). 

p-Nitrobenzoylaminomcthylhydrocotarnine. — />-Nitrobenzoyl chloride 
(2*6 g.), dissolved in benzene (10 c.c.), was slowly added to a solution of 
anhydrocotarninomethylamine (3*5 g.) in dry benzene (10 c.c.). The 
hydrochloride of the base separated almost immediately as yellow crystals. 
The crude hydrochloride, after washing with benzene and then with water 
and drying, weighed 4-5 g. The hydrochloride is practically insoluble in 
cold water but crystallises from boiling water in colourless prismatic needles, 
m.p. 234 0 . [Found : H 2 0 (at no°/5mm.) 4 35. CfoH 2 iC) 6 N 8 , HC 1 , HfO 
requires H 2 (), 3 97 per cent. Found : Cl (dried salt), 7*39. C 2 oH 2 i 0 8 Na, 
HC 1 requires Cl, 8*14 per cent]. 

The free hase was obtained from the powdered hydrochloride by keeping 
it in contact with strong ammonia for 24 hours. The solid changed at first 
into a sticky mass which slowly became granular. It was filtered, washed 
well with water and crystallised from hot rectified spirit as light yellow 
rhombic plates, m.p. 138°, yield 31 g. from 3-8 g. of the hydrochloride. 
(Found : N, 10-71. C^ 0 H 8 tO 6 Nn requires N, 10-52 per cent). It formed 
a sparingly soluble nitrate (fern shaped crystals), m.p. 190 0 # and a pic tale , 
m.p. 138° 

p-Aminobenzoylaminomethylhydrocotarnine. — The foregoing nitro¬ 
compound (2*5 g.) was powdered and gradually added to a mixture of' 
stannous chloride (9 g.), concentrated hydrochloric acid (25 c.c.) and a small 
piece of granulated tin and the whole shaken in a mechanical shaker for 
about 10 hours. Water (125 c.c.) was added, the clear liquid was basified 
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witb excess of 25% sodium hydroxide and the separated solid washed with 
water, dried on a porous plate and then in the desiccator and the dry solid 
extracted repeatedly either with warm benzene or absolute alcohol (6o°). 
The amino-compound separated from the hot solvent in colourless, short 
prismatic rods, m.p. 185** It dissolved in dilute hydrochloric acid to a 
dear solution and was repredpitated unchanged on basification, yield 1*2 g. 
It formed a picrate , m.p. 167°, and a red dye when diazotised and coupled 
with 0 -naphthol. (Found: C, 64*89; 11,6-23; N, 11-09. C^oHjsOsNs 
requires C, 65*04; H, 6*23; N, 11-39 per cent). The acetyl derivative sepa¬ 
rated from dilute alcohol in rectangular plates, m.p. 135 0 . 

m - Nitrobenzoylaminomethylhydrocolarninc was prepared in the 
usual manner and crystallised from rectified spirit in light yellow rhombic 
plates, m.p. 95 0 . (Found : N, 10 56. C 20 H2iO 6 N 3 requires N, 10*52 per 
cent). The sparingly soluble hydrochloride crystallised from hot water 
containing a drop of hydrochloric acid in yellow, diamond-shaped plates, 
m.p, 185°. It formed a picrate , m.p. 196-98°. 

m •Aminobcnzoylaminomethylhydrocotarninc. —The reduction of the 
m-nitro-compound to the amino body was effected as in the other case 
with stannous chloride and hydrochloric acid. It crystallised from dilute 
alcohol in pale yellow thin plates, m.p. 8o°. It dissolves readily in cold 
dilute acids and is recovered unchanged on basification. (Found : N, 
11 81. C90H93O4N3 requires N, 11*38 per cent). On diazotising its 

solution in cold hydrochloric acid and coupling with / 3 -naphthol, a deep red 
dyestuff was thrown down. 

o - Nitrobenzoylaminomethylhydrocotarnine was prepared from 
anhydrocotaminomethylamine and o-nitrobenzoyl chloride. It crystal¬ 
lised from dilute alcohol in colourless prismatic needles, m.p. 143-45 0 . 
(Found: N, 10 88. CgoHjiO c N ; * requires N, 10*52 per cent). The 
hydrochloride crystallised in short rectangular rods, m.p. 240° (decomp.). 
The Picrate crystallised in prisms, m.p. 165°. 

o-Aminobenzoylaminomdhylhydrocotarninc was obtained as an oil 
by the reduction of the nitro-compound in the usual way. The pxcratc 
crystallised from methyl alcohol in rectangular plates, m.p. 175 0 . Diazoti- 
sation and coupling with £-naphthol gave a deep red dyestuff. 


PRKStDKNCY CoiXftCK, 
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THE ESTIMATION OF TOTAL VITAMIN C 
IN FOOD-STUFFS. 

ByPratul Nath Skn-gupta and B. C. Guha. 

Elsewhere (Guha and Pal, Natuic, 1936, 137, 946) we have given 
evidence to show that in many plant food-stuffs ascorbic acid is present 
partly in the combined state, from which the vitamin can be released readily 
by heating. It has been possible to extract this substance from several 
food-stuffs, which we have proposed to call “ ascorbigen M for convenience. 
It has become clear from these results that the usual method of trichloroacetic 
acid extraction of food-stuffs, which has been almost universally used in the 
estimation of vitdmin C by the Tillinans-Harris technique, would give low 
values for total ascorbic acid (combined and free) in many cases, where 
appreciable quantities of ascorbigen are present. From the nutritional 
standpoint it is necessary to know the amount of the total ascorbic acid, as 
we have previously observed (Guha and Pal, loc. cit.) that 0*2 % hydro¬ 
chloric acid, which is normally present in gastric juice, is capable of splitting 
an aqueous extract of ascorbigen. It would appear, therefore, that many 
results so far recorded about the vitamin C content of food-stutTs, would in 
many instances give an erroneous idea about the total ascorbic acid available 
for nutritional purposes. Accordingly it was considered desirable to w ork 
out a method, by w hich the total ascorbic acid in food-stuffs might be 
estimated. The most reliable method must obviously be such as would 
split all the ascorbigen present and prevent the oxidation of ascorbic acid 
and thus give the highest value for ascorbic acid. 

It should be stated that there is some controversy going on nlnnit the 
existence or otherwise of combined ascorbic acid in plant food materials 
("Mack, Nature, 1936, 138, 505; Levy, ibid., 1936, 138, 933), but our 
evidence, which will be presented in greater detail later, shows almost 
conclusively that a reducing substance is released from cabl>age by heat, 
which reduces the indophenol indicator like ascorbic acid. We are at 
present carrying out biological experiments to test whether this reducing 
substance is actually vitamin C. But so far as the object of the 
present paper is concerned, here it is intended to show merely that under 
certain conditions the value of ascorbic acid obtained is much higher 
than that obtained by the usual method. And if the titrimetric 
technique is considered to give the ascorbic acid value sixrcifically, then 
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the method elaborated in the present paper would appear to give the 
highest figure. 


H x p 8 t i m k n r a. 

Determination of Total Ascorbic Acid without Reduction . 

Five widely different varieties of food-stuffs were selected for study: 
patol (Tricosanthes diocia ), cabbage, potato, guava and onion. 10 G. of 
each of the fresh food-stuffs were taken for each treatment, finely disin¬ 
tegrated in a mortar with washed sea-sand and mixed up with the appro¬ 
priate extractant. The mixture was then centrifuged and the centrifugate 
diluted to 100 c.c. The titrations were carried out with the a:6-dichloro- 
phenol-indophenol indicator by the method described before (Ghosh and 
Guha,/. Indian Chcm. See., 1935, 12,30). Figures given in each table 
indicate the values obtained by the different treatments with the same 
sample of food-stuff. All experiments were carried out with three samples 
and in the tables all the three values are given. The experiments of each 
table arc comparable among themselves as they were carried out under as 
identical conditions as possible. 

(a) Table I gives the results obtained by treatment with trichloroace¬ 
tic acid and hydrochloric acid of different concentrations for different 
periods. These indicate that treatment of 10 g. of food-stuff with 50 c.c. of 
10% hydrochloric acid for 1 hour in CO* gives the highest figure for 
vitamin C, except in the case of the guava, which gives the best results 
with trichloroacetic acid. 

(b) Table II gives the results obtained by treatment with 10 *£ hydro¬ 
chloric acid in CO? for different periods and also by treatment with 20% 
hydrochloric acid in CO*. These figures show that the concentration of the 
acid remaining the same, the amount of ascorbic acid gradually diminishes 
with the increase of time ; 20% acid apt>arently causes a loss except in the 
case of guava. Treatment with 10% hydrochloric acid for 1 hour in CO*, 
therefore, seems to give the highest value in this group of experiments. 

( c) 'In this set of experiments the effect of air, carbon dioxide and 
nitrogen on the value of ascorbic add obtained in 10% hydrochloric acid 
solution was investigated. Nitrogen and CO* appear to be equally good, 
while there is a slight tendency to loss in air in one or tw o cases (Table 
III.) 

(d) Finally, the results of treatment with 10% hydrochloric acid m 
CO* for 1 hour were compared with those obtained by heating the food- 
staffs with water (50 c.c. per 10 g. of food-stuff) on a boiling water-bath for 
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different periods in air, in CO*, and in nitrogen and then extracting with 
trichloroacetic acid in the usual way (Table IV). 

Figures are given in mg. of ascorbic acid per g. of food-stuff in all the 
tables, io G. of food-stuffs were taken in each case. 

Table I. 


Food-staff. 

Trichloro- 

50 C.c. of 50 C c. of 

50 C.c. of 

50 C.c. of 

50 C.c. of 

So C.c. of 


acetic acid io% tri- 
method. ch loro- 

acetic 
acid. 

1% HC 1 

i n C 

5% HC 1 

0, for 1 

10% HC 1 

hoar. 

1% HCJ 5% HC1 in 
in CO, for C 0 | for a 
3 hr*. hr*. 

Pptol 

0-138 

0*155 

0-109 

0-147 

0-156 

0*136 

0*145 


o-i34 

0-150 

0*112 

0-146 

0-151 

0-136 

0.150 


0-138 

0-150 

0-II2 

0-147 

0*155 

0-138 

0*149 

Cabbage. 

0-4^5 

0*495 

0*320 

0-362 

0-400 

0*277 

0*365 


0-300 

0-272 

0-239 

0-352 

0-452 

0*274 

0-380 


0*320 

0-300 

0-258 

o*37 1 

0-426 

0-278 

0-350 

Potato 

0*163 

0-179 

o*ni 

0-193 

0*242 

0*148 

0*212 


o-i53 

0-173 

0-130 

0-180 

0*226 

0-138 

0*204 


0-158 

o-i75 

0-127 

0-187 

0*232 

0*145 

0*208 

Gaava 

0-908 

0-906 

0*813 

0-865 

u-886 

0-671 

0-806 


0*900 

0-905 

0-788 

0-885 

0-852 

o-668 

0*803 


0-904 

0-903 

o-8oa 

0-904 

0-929 

0-674 

0-803 

Onion 

0-165 

0175 

0-140 

0-160 

0*184 

0077 

o*x6o 


0165 

0171 

0*142 

0-161 

0-186 

0068 

0*153 


0-167 

0-173 

0-141 

0-165 

0-183 

0-071 

0.155 


Table II. 


Food-stuff. 

Trichloroacetic 
acid method. 

Treatment with 50 

for 1 hr. 

c.c. of 10% HC 1 in COj 

for 2 hrs. for 3 hrs. 

50 C.c. of 20% 
HC 1 in CO, 
for 1 hr. 

Patol 

0-126 

0*139 

0-125 

0*124 

0*117 


0-128 

0-147 

0*129 

0-127 

0*122 


0-127 

0-143 

0-127 

0*124 

o*n8 

Cabbage 

0-306 

0-671 

0*562 

0483 

0 * 4*5 


0-315 

0*600 

0-520 

0*416 

0-350 


0-320 

o-6oo 

0507 

o *433 

oj6j 

Potato 

0*157 

0-231 

0*212 

0*179 

0*167 


0*160 

0*226 

0*206 

0*176 

0-I70 


0*164 

0*230 

0*204 

0*179 

0-l67 

Guava 

o *945 

0904 

0*745 

0*671 

0-83a 


1*040 

0-945 

1-040 

0*800 

1*040 


0-994 

0-923 

0*834 

0*737 

0*832 

Onion 

o;i 4 o 

0-174 

0*174 

0-163 

0*154 


0-152 

0*179 

0-166 

o*i 59 

0151 


o*M 7 

0*175 

0*170 

0*158 

0-154 
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Food-staff. 


Patel 


Cabbage 


Potato 


Guava 


Onion 


Trichloroacetic 
arid method. 


10.117 

{0128 

I 

t 0*135 

| n 266 
I 

0*281 

0*263 

(0-160 

1 0150 

I o-iJS 

(0-905 

jo -904 
(0-904 

f 0-113 

J io-iis 
(0-114 
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Table III. 


Trichloroacetic Treatment with 50 c.c. of 10% HC 1 n 

add method. 




COj for j 

[ hr. 

Nj for 1 hr. 

air for 1 hr. 


0*126 

0*139 


0*140 

0-142 


0-128 

0*147 


o*M 5 

0*146 


0-127 

0*143 


0*141 

0*145 


0*277 

0*547 


<>•507 

0*500 


0*292 

o*6oo 


o *547 

o -533 


0*320 

0*600 


0*520 

0*483 


0**57 

0*231 


0*226 

0*226 


0*160 

0*226 


0*221 

0-231 


0-164 

0*230 


0*222 

0-227 


o *945 

0904 


o *945 

0-866 


1-040 

o *945 


0*951 

0-863 


0*994 

0*923 


0*945 

o-868 


0*140 

0*174 


0*173 

0-176 


o*i 52 

°-i 79 


0*175 

0-168 


0*147 

°'*75 


0*177 

0-165 



Table IV. 




Treatment with 50 r 

-c. of water on 

boiling w 

ater bath in 

50 C. c. of 

N, for 10 
mins. 

air for 10 
mins. 

1 N, for 15 

mins. * 

COj for 
mins. 

15 N| for 20 
mins. 

10% HC 1 in 
CO, for 

1 hr. 

0*170 

0*130 

0*193 

0*199 

0*177 

o m :133 

0*181 

0128 

0*201 

0*201 

0184 

0*138 

0*192 

0*483 

0 130 

0*507 

0*2lS 

0*562 

0'20Q 

°* 54 ? 

0193 

0*521 

0144 

0325 

°'547 

0*408 

0*6;i 

0.630 

0*407 

0341 

o *433 

°’353 

0.507 

0*500 

0*380 

0*306 

0*270 

o -245 

0*302 

0*297 

0-260 

0-225 

0*271 

0*247 

0*304 

0-295 

0-267 

0-225 

0-278 

0*906 

0*250 

o *534 

0*312 

0-904 

0 300 
0*890 

0*270 

0*670 

0-229 

0864 

0*903 

o* 53 * 

0-901 

0*887 

0-675 

0-868 

0-904 

o *534 

0*903 

0*890 

0-670 

o*866 

0-120 

0*0710 

0-120 

O’llQ 

0*117 

0-115 

0*121 

0*0714 

0*121 

0*119 

0*219 

0-117 

0*120 

0*0713 

0*125 

0*122 

0*119 

0*117 
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Determination of Total Ascorbic Acid after Reduction 

In the foregoing section the relative effects of different treatments on 
the ascorbic acid values of five different plant materials have been invests 
gated, with reference to the question of estimation of the free ascorbic *, id 
and of the ascorbic acid released from combination. It would seem, how¬ 
ever, that the question of the naturally occurring dehydroascorbic add should 
also be taken into consideration in order to get a true estimate of the total 
ascorbic add from the nutritional standpoint, as dehydroascorbic add does 
not reduce the dye but is known to be biologically potent. It is, therefore, 
necessary that the ascorbic add values should be estimated after reduction 
of the reversively oxidised ascorbic acid by some suitable means. In order, 
therefore, to estimate the total ascorbic acid, comprising (i) the free ascorbic 
acid (2) the ascorbic acid released from combination by heat and (3) the 
ascorbic acid formed by the reduction of the dehydroascorbic acid, the five 
food materials were investigated after reduction with hydrogen sulphide on a 
boiling water-bath. Table V gives the relative values obtained (1) by the 
usual method of extraction with trichloroacetic acid (Ghosh and Guha, loc . 
cit .), (2) by heating the aqueous suspension on a water-bath in CO* for 15 
minutes, (3) by passing H 2 S into the aqueous suspension for 30 minutes, the 
suspension being heated in H 2 S for 15 minutes out of this total period of 30 
minutes, and (4) by passing H 2 S into the aqueous suspension for 30 minutes 
at room temperature (25 0 ). Hydrogen sulphide was, of course, completely 
removed by a current of C0 2 or N 2 before titration. It will lx* ol>served that, 
although in the previous section, heating in CX> 2 gave the highest result, 
higher figures are obtained even by cold treatment with H 2 S, which indicates 
the presence of reversively oxidised ascorbic acid in these materials. But still 
higher figures are obtained by treatment with II 2 S in hot condition in the 
above five cases, except in guava. The difference between the values ob¬ 
tained by treatment with H 2 S in the hot and cold conditions, incidentally, 
indicates the presence of ascorbigen especially in the cases of cabbage, patol 
and potato. However, considering all the different treatments, it is clear that 
the highest figures are obtained by treatment with H*S in the hot condition. 

It should be mentioned that in these titrations, we have added 1 c.c. of 
M-formaldehyde (Mason, /. Biol Chcm ., 1930, 86 , 623) and 1 c.c. of glacial 
acetic acid to the dye before titration, in order to inhibit the effects of 
possible interfering substances. 

In Table VI are given some figures obtained (1) by grinding the material 
under trichloroacetic acid* so as to inactivate the ascorbic acid oxidase as far 

6 
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as possible, ( 2) by heating the cut pieces in aqueous suspension in CO*, 
(3) by treating the cut pieces in aqueous suspension with H 2 S in the hot 
condition and (4) by first grinding up the cut pieces with sand and then 
heating in an atmosphere of H2S as in experiment (3) In these experiments 
also the highet values were obtained by treating with H 2 S in the hot condi¬ 
tion and the fact that the values under (3) and (4) are identical show that 
it makes no difference whether the extraction is preceded by simple cutting 
up by scissors or by grinding with sand. It should be mentioned further 
that blank experiments with H 3 S in the hot and cold conditions gave no 
values with the dye. The final method that we adopted is as follows : 

The material (10 g.) was cut into small pieces, taken in a suspension of 
50 c.c. of water and HgS was passed into it. After 30-60 minutes, the suspen¬ 
sion was heated under reflux on a boiling water-bath, while H 2 S was being 
passed. Heating was continued for 15 minutes and then H 2 S was removed 
completely (as tested by lead acetate paper) by a current of C() 2 or N*. The 
suspension was then treated with 2'5 c.c. of 20% trichloroacetic acid, the 
mixture filtered or centrifuged and the filtrate made up to 100 c c. 
This solutiion was titrated against 0*5 c.c. of Af/io-2:6-dichlorophenol- 
indophcnol, to which 1 c.c. of Af-formaldehyde and 1 c.c. of glacial acetic 
acid had Ixren previously added. The titration should be finished within 
1 minute. 


l**uod-stuffs. 

Ascorbic acid 

Table V. 

Heated on a water-bath with s" e.c. of water 

Treated with 50 c.c. 


b\ trichloro¬ 
acetic acid 

for 15 mins. 

/• . . 
for 15 mins, in H*S 

of cold water; HjS 
passed for 30 mins. 


c xtraetion. 

in C( >|, 

and HjS removed 

and HjS removed 

Cabbage 

<>* 3<»5 

0-358 

by CO* or Nj. 

o*866 

by COj or N,. 

0*472 


0*2(>8 

0*260 

°*743 

0371 


0346 

o *433 

o *945 

o *577 

fttol 

0*176 

0.189 

o *495 

0*352 


0186 

0*212 

0.547 

0384 

* 

0*253 

0*290 

o*6ix 

0- 45 * 

Potato 

o*io6 

0*114 

0-346 

0-360 


0*110 

0*125 

0*400 

o -358 


0*1X2 

0*226 

0*410 

0-365 

Guava 

1*040 

1*040 

1*300 

1-300 


i*6oo 

1*500 

1*890 

1*890 


1*040 

2*040 

1*300 

1*300 

Onion 

0*165 

0*182 

0*241 

0*212 


0*155 

0*176 

0.241 

0*208 


0.160 

0*181 

0*239 

0*220 
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Table vi. 



(i) 

(2) 

(3) 

w 

Food-stuffs 

bog.) 

Treatment 
under trichloro 
acetic at id 

The cut pieces heated with 50 o.c. 
of HjO on a water-bath for 15 mins. 

in CO,. in H,S and II,S 

removed by 
CO, or N,. 

The cut pieces 
ground up with 
sand and then 
heated w ith water 
in presence of 
H,S as in expt. 3. 

Cabbage 

0*400 

0*520 

0693 

0*693 


0*650 

0*750 

o*866 

o*866 

Patol 

o *433 

o *495 

0611 

0*621 


0*385 

0 * 45 ^ 

0*520 

0*520 

Potato 

o*i 73 

o *247 

0*346 

0*346 


0*176 

0*267 

0*358 

0*358 

Guava 

1*500 

1*500 

1*890 

1*890 


1*300 

1*300 

1*600 

i'6oo 

Onion 

o*i 55 

0173 

0*231 

0*231 


0*165 

0182 

0*247 

0247 


D 

I s c u s s 

ION. 



These results indicate that absolutely uniform results cannot be expected 
by the same treatment applied to widely different plant food-stuffs. Thus, 
while trichloroacetic acid treatment gives better results in the case of 
guava, hydrochloric acid gives higher values in other cases. Nor is there 
uniformity regarding the values obtained with different concentrations of 
hydrochloric acid. This does not seem surprising when it is considered 
that these food-stuffs contain perhaps many sul stances which might 
influence the behavior of vitamin C (free and combined) "to various 
treatments and reagents. It should be mentioned that in cases where 
trichloroacetic acid and hydrochloric acid of different concentrations were 
used, b lank experiments were carried out with the acids alone to sec if they 
would decolourise the dye. It was*found that if the titration was carried out 
within one minute under our conditions (Ghosh and Guha» loc* cit ») no 
material errors were introduced. 
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Summary. 

The general result of the investigation is that among the following 
methods (i) treatment with trichloroacetic acid, (2) allowing to stand 
with trichloroacetic and hydrochloric acids, (3) heating in C0 2 or N* for 
different periods, (4) treatment with H 2 S in the cold and, (5) treatment 
with HjS in the hot condition, the last method gave the highest value for 
ascorbic acid. This method would seem to give the total value of ascorbic 
acid comprising (a) the free vitamin, (b) the ascorbic acid which is 
released by heating, and (r) the reversively oxidised ascorbic acid. 

A method has thus lnx*n clalx>rated which gives the highest ascorbic acid 
value and it would seem that many food-stuffs investigated before require re- 
investigation by the new technique for a more correct estimation of ascorbic 
acid. Although in some cases, as in guava, treatment with H*S in the 
hot and cold conditions might give the same result, still it would seem 
desirable to carry out the treatment with H*S in the hot condition as a 
routine procedure. There is the possibility that this treatment might itself 
release some non-specific reducing substance. This has been to some ex¬ 
tent guarded against by adding formaldehyde to the dye. In this investi¬ 
gation it is, of course, assumed that the titrimetric technique carried 
out under precise conditions gives the correct value for ascorbic acid 
and we are at present planning biological experiments to test this point 
further. 


PtrARTMINT Of AmiiD Chxmistry, 

UKivsasirv Colugs or Sciinc*, Received October 13,1936. 

Calcutta. 



STUDIES IN THE COAGULATION OF COLLOIDS. PART XVI. 
FURTHER INVESTIGATION OF THE “ZONAL EFFECT” AND 
THE ANOMALOUS VARIATIONS OF THE VISCOSITY, 
TRANSPARENCY AND REFRACTIVITY DURING 
THE COAGULATIONS OF COLLOID ANTIMONY 
SULPHIDE BY AQUEOUS MERCURY 
CHLORIDE. 

By Shridhar Sarvottam Joshi and T. Madiiava Mknon. 

In Part XIV of this series (Joshi and Kulkarni, /. Indian Chem. Soc., 
*936, 18 , 439) it was reported that coagulations of colloid arscnious 
sulphide by aqueous mercury chloride showed a markedly unusual feature, 
viz., that the viscosity, the transparency and opacity (measured independent¬ 
ly from determinations of transparency) remained almost constant during 
the coagulation time. The familiar variations due to coagulation in these 
properties under the same conditions of experiment were observed \\lien 
other electrolytes in appropriate amounts were used as coagulants, and also 
when but small amounts of any. one of them were mixed with mercury 
chloride. In view of the definitely unusual character of these findings, 
it was considered desirable to examine this effect with a different system 
viz., antimony sulphide sol. Furthermore, studies of the numerous coagu¬ 
lations of colloid manganese dioxide due both to electrolytes and opi>ositcly 
charged sols (Joshi and Panikkar, ibid., 1936, 18 , 309; Joshi and Jaya Rao, 
ibid., 1936, 18 , 3x1; Fettchem- Umsch., 1936, 18 , 36; KolloidZ., 1936, 76 , 
145; Current Science, 1936, 4 , 481 ; Joshi and Purusliottam, ibid-, 1936, 4 , 
870) showed that the refractivity varied 'zonally' in the slow region. This 
‘zoned effect’ was also observed in diverse coagulations of dilute oil suspen¬ 
sions by electrolytes (Joshi and Sarkar, J. Bomb. Univ ., 1935, 4 , 140) 
including mercury chloride, studied refradometrically. Experiments were 
also made, therefore, with colloid antimony sulphide employing the last 
named method of following a coagulation, as developed in these laboratories 
to investigate the generality of the ‘zonal effect’ recorded, it would appear 
for the first time in the literature on coagulation kinetics, in Part XI’of this 
aeries. 


Experimental. 

Colloid Ehtimony sulphide was prepared as described earlier (Joshi 
and Prabhu, /. Indian Cham. Soc., 1931,8, xx) and dialysed against repeated 
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changes of distilled water till the dialysate was free from the acid. It was 
stocked in a carefully cleaned Jena bottle and its colloid content determined 
by Kessler's method ( Pogg . Ann., 1863, 118 , 1 7 ; cf. also Joshi and Prabhu, 
loc. cit.). Some of the typical results for the variation of wd , the 
refractive index, due to different concentrations of the mercury chloride 
varied in the region 0*0009 to o’oo2A’ during different coagulations, have 
been shown graphically in Fig. 1. It was found that under sensibly identical 
conditions of observation, the variation of n p during a coagulation w*as not 
fully reproducible- Two of the results of such repeat experiments are 


Fig. 1. 

Variation oj rejractivity during coagulation. 
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shown by curves i, is, 2, 2a. 3, 3a, and 5, 50 in Fig. 1. In the coagula¬ 
tion corresponding to curve 2a, the observation of tin was disconti¬ 
nued at the point (40, 160) and resumed at the point (160, 215). 
It will be seen, however, that the principal tonal effect in the 
time-variation of *» during a given coagulation is sufficiently penis- 
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tent and brought out by both series of the curves. The temperature of 
the coagulating system was maintained at 34±o*i°. The general pro¬ 
cedure and precautions were the same as described previously (Joshi and 
Rao, loc . cit .). The variation of tj, the viscosity of the same colloid in the 
presence of HgCl* was studied in the range 0*0009 to o*ooi3N by Scarpa's 
method with modifications described previously (Joshi and Menon, /. Indian 
Chem.Soc., 1933, 10, 599). Only four typical curves for q-changc are 
given in Fig. 2. Results for the change of intensity of light transmitted 
during the coagulation as recorded with a thermopile (cf. Joshi and 
Kulkami, loc. cit., also Joshi and Rao, ibid.* 1936, 13, 311) are shown 
graphically in Fig. 3. I11 order to obtain confirmation of these results, 

transparency of the colloid was also measured by using a Duboscq colori¬ 
meter (cf. Joshi and Kulkami, loc. cit .)■ The data are shown in Fig. 4. 
In order to prevent overlapping of the curves and especially to economise 
the figure space, different co-ordinate axes have been used for curves in a 
given series ; their origin, position and the scale units have been indicated 
in the figure. 


Disc v s s i o n. 

The results for the variation of n r > , the rcfractivity during the coagula¬ 
tion of colloid antimony sulphide by mercury chloride as seen from curves 
in Fig. 1 are in complete agreement with earlier results mentioned ill the 
introduction. Also, as found previously (Joshi and Rao, Kolloid 7 ., 
loc. cit.; J. Indian Chem. Soc. t 1936, 13 , 311) on colloid manganese dioxide 
and dilute oil-suspensions (Joshi and Sarkar, loc. cit.) coagulated by different 
coagulants, comparison of curves 2, 2a, 3, 3a with 1, 1 a, 4, 5 and 5a shows 
that maximum zonal effect is observed only with moderate concentrations 
of the coagulant. For much larger and much smaller values of the last 
quantity , the net change in nv as also the number of zones tends to diminish. 
In this connection it is interesting to point out that in numerous measure¬ 
ments of different colloids, the viscosity, varied discontinuously or through 
a number of breaks in the slow region (Joshi and Viswanath, J. Indian 
Chem. Soc., 1933. 10 , 329, ; Joshi and Menon, loc. cit.; Joshi and Nanjappa, 
ibid , 1934* 11 * 133 1 Joshi and Iyengar, ibid., 1934, 11 , 555, 573 ; Joshi and 
Panikkar, ibid., 1934, 11 , 797; Proc. Acad. Sci. U. P. t 1935, 0 , 41 ; J. 
chim. phys., 1935, 32 , 455 ; Joshi and Sarkar, loc . cit.). The results now 
obtained confirm this. It is seen, for example, from Fig. 2 that while 
tl rises pronouncedly in coagulations corresponding to curves 1, 2 and 3 
in Fig, 2, the definite effect pi any further diminishing the coagulant concen¬ 
tration is seen in the marked increase in the’numbcr of breaks or discouti- 
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unities as seen in curve 4, Fig. 2. The net increase in rj due to coagulation 
is also much less in the latter than in rapid coagulations. It is seen there¬ 
fore, that the influence of mercury chloride on n» and y in the case of 


Fig. 2. 


Variation of viscosity during coagulation . 
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colloid ontiinony sulphide is analogous to that of other electrolytic coagu 
lants in respect of the general finding in these laboratories, viz., the zonal 
character of a slow coagulation. It must also be recorded at this stage 
that the previous result that mercuric chloride, whilst producing coagulation 
of colloid arsenioits sulphide over the whole concentration range investi¬ 
gated definitely failed to produce a net rise of viscosity in by far the 
majority of cases studied (<"/. Part XIV), does not find analogy with the 
colloid studied now. 

A comparison of the curves in Pigs. 3 and 4 for the variation of the 
transparency determined by thermopile' and colorimeter respectively with 
ading curves for coagulations of colloid arsenious sulphide in the 
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Fig. 3. 

Variation of transparency during coagulation 
o jo 40 60 Time axis corn (1) 



presence of mercuric chloride reported earlier (Part XIV, loc. cit.), reveals 
that the above property vanes in a way which depends upon the concen¬ 
tration of the coagulant. At low values of the last quantity, the trans¬ 
parency diminishes (Fig. 3) and the capacity increases (Fig. 4) during just the 
initial stage of coagulation ; they remain almost constant subsequently. 
During this time the process of coagulation had progressed producing 
perceptible flocculation, although the corresponding tiansjiarency and 
opacity (Fgs. 3 and 4) had not changed in the familial manner. The 
marked increase in transparency subsequent to its reaching a minimum in 
curve 6 in Fig. 3 corresponding to the maximum concentration of the 
coagulant employed was due to the settling of the coaguluin produced by 
an appreciable flocculation during the latter stages.- It is seen, therefore, 
that the anomalous behaviour of mercury chloride in failing to produce 
rise in opacity (and its reverse) in flocculations of colloid arsenious sulphide 
(c/. part XIV) is also observed in the case of the present sol as long as the 
concentration oflhe coagulant is low. This finding has a marked interest 
in relation to the occunence of ‘ zones ’ brought out especially by the 

7 
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refractivity measurements ; which suggest that in the slow region corres¬ 
ponding to the horizontal sections in the n© -time curves (Fig. i), either 
(i) the refractivity is invariant (or, at any rate has a markedly altered time-* 
rate) despite the occurrence of coagulation, or (ii)jhat the coagulation 
comes to a standstill for a period, re-starts, to be followed by another phase 
of partial or almost complete inactivity and so on, periodically, till floccula¬ 
tion changes into the precipitation of the coagulum- 


Fig. 4* 


Variation of opacity during coagulation 
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S V M M A R V. 

1. The coagulation of colloid antimony sulphide has been followed in the 
slow region by observations of change of refractivity, viscosity, transparency 
and capacity in the presence of aqueous niercui ic chloride. 2. Viscosity and 
especially tcfractnity changes show discontinuities or zones of coagulation, 
which liecome most conspicuous in the medium slow region. 3. Transparency 
(and the separately measured opacity) remains almost stationary except 
during initial stages, with small concentrations of the coagulant, which is 
tartly similer to earlier results (Part XIV, in this series) on colloid arsenious 
sulphide with the same coagulant, when viscosity, transparency and 
opacity were found to lie in valiant over the whole range of the HgClg 
concentrations examined. 


Chmuicai. Labokatokiks, 
Bmms His nr rimMtsm. 

Hinakks. 


Received December 26,1936. 



ON SYNTHETIC COUMARINS. PART I. COUMARINS 
DERIVED FROM RES ACETOPHENONE. 

By Radha Raman Agarwai. ani> vSikhibhushan Dutt* 

Pechmanns synthesis of couniarins (Ber. t 1883, 16 , 2119 ct seq) from 
phenols and malic acid or acetoacetic ester is of a very general application 
and a large number of substituted couniarins have been synthesised using 
different phenols. Resorcinol under these conditions using malic acid 
gives 7-hydroxy-coumarin or umbelliforonc, but conmarins derived from 
resacetopheuone have not yet been prepared. Weiss and Woldich ( Monatsh 
1926, 47 , 427) however, condensed rasacetophcnone with ethyl cthoxy- 
methyleneacetoacetate in presence of sodium ethoxidc and got a pnxluct 
which later on was found to be 7-hydroxy-3:6-diacetylcoumarin by Weiss 
and Merksammer {Monatsh., 1928, 80 , 115). 

In connection with the synthesis of cuscutalin, a roumarin derivative 
isolated from the stems of Cuscuta reflexa, Roxb. by the present authors 
{]. Indian Chem. Soc ., 1935, 12 , 384, 586) it was found necessary to prepare 
6-acetyl-7-hydroxycoumarin. Recourse was taken to attempt nuclear 
acetylation through Friedel and Craft’s reaction using coumarin or utnbelli- 
ferone, but was not met with success. Hence substituted couniarins were 
prepared by the method of Pechmann (/or. cit.) starting with rcsacetophe- 
none. Various condensing agents were employed but it was found that 
sulphuric acid or fused zinc chloride gives very poor yields, whereas sodium 
ethoxide was found to be the best for ethyl acetoacetatc. I11 the case* of 
snbstituted ethyl acetoacetates, if the reaction was done at low temperatures 
the yield obtained even with concentrated sulphuric* acid was quite 
significant. 

Clayton (/. Chem. Soc., 1908, 93 , 2016) showed that the substituent 
group present in the nucleus of the phenol taking part in lVchinamrs 
condensation greatly affects the reaction. He found that chlorophenol 
reacts with difficulty and gives a very poor yield, whearas a negative substi¬ 
tuent like N 0 2 or COOH totaly inhibits the condensation. Chakra- 
varti and Ghosh (/. Indian Chem. Soc. f 1935, 12 , 622 ), however, proved 
that these generalisations of Clayton do not hold and they could smoothly 
condense chlororesorcinol or nitroresorcinol with alkyl-acetoacetic esters 
both in presence of sulphuric acid or phosphorus pentoxide. Clayton 
( loc. cit.) concluded that a negative substituent present in the 
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neighbourhood of the hydroxyl of the phenol, not taking part in the con¬ 
densation, has an inhibitive effect on the reaction. In resacetophenane the 
acetyl group is present in ortho position to the free hydroxyl group not 
taking part in the condensation and being sufficiently acidic does not make 
the phenol inert even if concentrated sulphuric acid is used as a conden¬ 
sing agent. But if this hydroxyl is surrounded by another hydroxyl 
group on the other side, as for example in gallacetophenone, condensation 
does not occur. These facts clearly show that the conclusions of Clayton 
are not of general application, for according to his views gallacetopenone 
should have condensed more easily than resacetophenone to form 
coumarins. 

In the present paper resacetophenone has been condensed with malic 
acid, ethyl acetoacetate. ethyl methylacetoacetate, ethylethyl acetoacetate, 
ethyl iropropylacetoacetate and ethyl benzylacetoacetate. The acetyl 
derivative, oxime, seinicarbazone and phenylhydrazone of 6-acetyl-7- 
hydroxy-4-methylcouniarin, derived from lesacetophenone and ethyl ace- 
toacctatc, have also been prepared. The methyl group present in the 
acetyl radical of this coumarin l>ciug in the immediate neighbourhood of a 
carbonyl group is highly reactive and can condense with aromatic aldehydes 
by the method of Kostanecki and Tambor ( Bet 1904, 87 , 773, 779) to form 
styryl ketones, analogous to chalkones derived from resacetophenone. 
Bcuzaldchyde lias been condensed with 7-hydroxy-6-aeetyl-4-methyicou- 
marin in this way to give 7 -hydroxy- 4 -methyleoumarin- 6 -styrylketone and 
this interesting compound, which is much more coloured than the corres¬ 
ponding chalkones, gave all the reaction* of chalkones. It is proposed to 
call this class of coui|>ounds coumaro-ehaikones. Further work on these 
coumaro-chalkoues is in progicssaud will be communicated shortly. 


K X I* E K I M K N T A I,. 

7-Hydroxy-to-acctylcoumarin. —Resacetophenone (1 g.), malic acid 
(0-85 g.) tiud concentrated sulphuric acid (4 g.) were wanned on an oil-bath 
till no effervescence took place. The mixture was left overnight and then 
I Hatred over crushed ice. This was repeatedly extracted with chlorofonn 
and the chloroform extracts on concentration gave the coumarin as yellowish 
white amorphous mass. It was iccrystallised from benzene and petroleum 
ether mixture as colourless flakes, m. p. 139% yield 30%. (Found: C, 
64*5*; 4-ao. C u H 8 0< requires C, 647 ; H 3*9 per cent). 

7 • H ydroxy-6-ac e tyl-4 -methyl coumarin .—Resacetophenone (log.), ethyl 
acetoacetate (7*5 g.) and (3 g J of sodium in 35 c.c. of absolute alcohol 
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were refluxed over a water-bath for 4 hours, when the sodium salt of the 
coumarin began to separate gradually and the dark red colour of the re¬ 
action mixture faded to fluorescent pink. It was left overnight and then 
treated with distilled water, when a clear solution was obtained. On 
acidification a brown oil separated on the top, which was extracted with 
ether. The ethereal extracts were dehydrated and the solvent eva¬ 
porated gradually when beautiful needles separated out, m.p. 140°. On 
recrystallisation from benzene buff coloured star-shaped needles were 
obtained, m.p. 147°, yield 90%. It is soluble in ether, ethyl acetate, 
alcohol, pyridine and glacial acetic acid, less so in benzene and insoluble 
in petroleum ether. It gives a very light yellow colour with caustic 
alkalis and a purple violet colour with alcoholic ferric chloride (Pound: 
C, 66*o; H, 4-91. Ci aHioO* requires C, 661; H, 4 6 per cent). 

Resacetophenonc (07 g.) ethyl acetoacetate (0 65 g.) and concentrated 
sulphuric acid (3 c.c.) were set aside overnight and worked up according to 
the method of Pechmann (loc. cit). The yield obtained was very poor but 
could be considerably improved if the reaction mixture was left in a 
frigidaire. Buff coloured needles from benzene, m. p. 146°, were obtained. 

The Acetyl derivative. —The al)ove coumarin (o*8g.), acetic anhydride 
(5 c.c.) and a few drops of pyridine were refluxed over a sand-bath and 
then decomposed witli water. Colourless microcrystalline needles from 
alcohol were obtained, m.p. 120-21°. (Found: C, 64 05; H, 4-9. C| «H, 
requires C, 64 6; H 4*6 per cent). Fused sodium acetate in place of pyri¬ 
dine led to uncrystallisable products. 

The Oxime .—The coumarin (0 8 g.), dissolved in alcohol (25 c.c.), 
was heated with a solution of hydroxylamine hydrochloride (1 g.) in water 
(10 c.c.) and o*6 g. of caustic i>otash in 5 c.c. of water over a water- 
bath for 3 hours. On distilling back the solvent and adding ice-cold 
water the oxime separated out as a white powder which on recrystallisation 
from ethyl alcohol gave white flakes, m.p. 205°. (Found: N, 6 5. Cj^Hj 1O4N 
requires N, 6*o per cent). 

The Semicar bazone, prepared in the usual manner, crystallised from 
petroleum ether as shining colourless flakes, m.p. 183'. (Found: N, 
15-8$. C ia H 13 0 4 N j requires N, 15 3 l*r cent). 

The Phenylhydrazone , prepared from phenylhydrazine and the 
coumarin in acetic acid, crystallised from acetic acid* as i>ale yellow needles, 
m.p. 146-47°. (Found: N, 8*6. Cj 8 Hi« 0 3 N* requires N, 9*1 per cent). 

y-Hydroxy-6*acetyl-y.4-dimethylcoutnorin . — Resacetophenone (1 g.) 
ethyl methylacetoacetate (0 95 g«) and concentrated sulphuric add (3 c.c.) 
were left overnight in a frigidaire at 5 0 . The mixture was then poured 
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over crushed ice when an oil separated out which was taken up by ether. 
On removal of ether a brow n crystalline mass was obtained which on 
recry stallisation from ethyl alcohol gave colourless silky needles, m.p. 168 0 , 
yield 50%. (Found: C, 66*75 ; H, 5*62. C| 3 H| 2 0 4 requires C, 67*2; H, 5*2 
tier cent). 

7- Hydroxy - 6 -acetyl- 3 - ethyl- 4- methylcoumarin. — Resacetophenone 
(i*5 £•)> ethyl ethylacetoacetate (1*2 g.) and concentrated sulphuric acid 
(6 c.c.) were left in the frigidaire and treated as above. On recrystallisa¬ 
tion from alcohol-ether mixture colourless slender shining needles were 
obtained* m.p. 122 0 , yield 40%. (Found: C, 6S‘o; H 5*5. Ci 4 H| 4 0 4 
requires C, 68 3; H 57 per cent). 

7-Hydroxy-(hacetyl-4->nethyl-yisopTopylcoumarin. — Resacetophenone 
(1*2 g), ethyl isopropylacetoacetate (1*2 g.) and concentrated sulphuric acid 
(5 c. c.) were treated as al>ove. The chloroform extract gave a crystalline 
yellowish white stuff which on recrystallisation from ether gave clusters 
of soft colourless needles, m. p. 108° after previous softening at ioo°, 
yield 20%. (Found; C, 6875; H, 6’o. C 1 ^H J5 n 4 requires C, 69*2; 
H, 61 per cent). 

7- Hydroxy - 6- acetyl - 4- methyl - 3- benzylcoumaiin. — Resacetephenone 
(1 g.), ethyl benzylacetoucetate (1*2 g.) and concentrated sulphuric acid 
(4 c.c ) were left overnight in the frigidaire. On pouring the mixture over 
crashed ice the coutnarin separated out as a flocculent yellow precipitate. 
This was twice crystallised from ethyl alcohol when pale yellow plates, 
m. p. 17^°, were obtained, yield 60%. (Found : C, 73-60 ; H, 5*52. 
Cn,HiflO« requires C, 74'<- ; H, 5 2 per cent). 

7~Hydroxy-4-methylcoumarin-6-styryi ketone or 7-Hydroxy-4-mcthyl - 
coumato-chalhone. —7-Hydroxy-6-acetyl-4-methylcoumarin (1 g .) and ben- 
zaldehyde (0*5 g J were mixed together in about 3 c. c. of alcohol, free 
from aldehyde, and treated with aqueous caustic potash (50%, 10 c. cj. 
The mixture was colourless at first and gradually became very intense 
yellow. It was left overnight in a warm place and then treated with cold 
dilute hydrochloric acid, when a yellow oil separated out which tumed 
into flocculent mass on standing. This was then crystallised twice from 
50% dilute acetic acid as bright yellow shining flakes, m.p. 141 °, yield 75%. 

It gives a deep orunge yellow colour with caustic alkalis, a delicate violet 
green colour with ferric chloride and the crystals are turned crimson and 
yield a yellow solution on adding concentrated sulphuric acid. (Found : C, 
74*32 ; H, 4*8. Ci#H, 4 0 4 requires C, 74*4 ; H, 4 6 per cent). 
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QUINOLINE DERIVATIVES. PART I. 

By Tejkndra Nath Ghosh. 

In a previous communication (Ghosh, /. Indian Chem. Soc., 1934, 11 , 
27) it has been shown that the thiohydantoin (I) condenses with o-nitro- 
benzaldehyde and the reduction of the resulting product yields a quinoline 
derivative. 


CII 


✓NH—CS 

/ I 

—NR 


(I) 

The thiohydantoin is readily hydrolysed by alkali to the corresponding 
thiocarbamidoacetic acid derivative (II). When treated with acetic an¬ 
hydride, the compound (II) is readily converted into the thiazole derivative 
(III), which, liecause of the presence of a reactive methylene group, 
condenses with o-nitro 1 >enzaldehyde to yield the compound (IV). The 
reduction of (IV) with zinc dust and acetic acid yields the quinoline deri¬ 
vative (V). 



(IV) (V) 


Reference may be made to the pharmacological examination of thiazole 
derivatives fSuter and Johnson, /. /Inter ( hem. Soc ., 1930, 52, 1585). 
2-Thiocarbonyl-4-keto*5 : 5-diethyl tetrahydrothiazole has been found to have 
a narcotic effect slightly gi eater than that of veronal but with a quicker 
recovery (Leonard, Medd. ti. Venlenskapsakad. Nobel-Insi 1922, 4 , 
No. 14, 1-13). In view of the chemotherapeutical importance of thiazole 
derivatives an<f of the presence thiazole ring in vitamin (Williams, 
/. Amer. Chem . Soc., 1936, 58, 1063 ; Williams and Cline, ibid., 1936, 
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58 , 1504), the present synthesis of thiazole-quinoline derivatives is of con¬ 
siderable interest. Compounds (III) and (V), (where R»pbenetyl) have been 
synthesised. These compounds are expected to possess antipyretic and 
analgesic properties (c/. Suter and Johnson, loc . cit.). 


K X V K R I M K N T A I*. 

\*Tolythiocarabamidoacetic Acid (II, R -^-tolyl).—The compound (I, 
R^p-tolyl, 3*8 g.) was dissolved in alcohol (100 c. c.) containing 1*3 g. of 
caustic potash. The rose-coloured clear solution was heated under rdflux 
for about 1 hour and evaporated to dryness. The solid obtained was the 
potassium salt of p-tolylthioearbamidoacetic acid. The free acid was 
obtained as a colourless precipitate when a cold aqueous solution of the 
fK>tassiuin salt was acidified with dilute hydrochloric acid. It crystallised 
from hot water in colourless rectangular plates, m. p. 147-148° (decomp,), 
yield 3 g. (Found : N, 12*35- C] 0 Hi2( > 2 N 2 S requires N, 12*50 per cent). 
It is soluble in sodium bicarbonate solution. 

2 -Keto-$-p-tolylaminodihydio-i 14 -thiazolc (III, R=f-tolyl).—An acetic 
anhydride solution of the alwve compound (II, p- tolyl) was heated under 
reflux for alxmt 1 hour and cooled, when a crystalline piecipitate came out, 
which further crystallised from alcohol in brownish plates, m. p. 157-58°, 
yield almost quantitative. (Found : N, 13*27. CioHjoONjS requires N, 
13 59 per cent). It is not desulphurised by yellow oxide of mercury, indica¬ 
ting that the sulphur atom is cyclic. It is insoluble in cold alkali but on 
long standing goes into solution and the alkaline solution, on acidification, 
yields the original acid (II, R = £-tolyl). 

2 *Keto-yo-nitTobcnza1-s-p-tolylaminodihydro-i : 4 -thiazole (IV, R = 
£-tolyl).—An acetic anhydride solution of the compound (III, R=£-tolyl, 
6*2 g.) and onitrotenzaldehyde (4*5 g.) was heated under reflux for about 
2 hours. The clear solution, on cooling, deposited a crystalline mass which 
further crystallised from glacial acetic acid in yellowish needles, m. p. 
200-201°, yield 7 g. (Found . N, 12*18. Ci 7 Hu 0 3 N 3 S requires N, 12*39 
per cent). 

Reduction of the above Compound (IV, R=£-tolyl) : Formation of 5-p- 
Tolylaminothiazolc-z : 3 (2' : $ f )-qutnoline (V, R=p-to/y/) # —-A solution of 
the above compound (IV, R-p-tolyl, 6 g.) in acetic acid (100 c. c.) 
was tx>iled with aunc dust until it became colourless; it was then 
filtered and diluted with much watcr^ The solid, thus obtained, was 
filtered, extracted with hot alcohol, hashed with dilute hydrochloric 
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acid and water and was finally crystallised from alcohol in colourless plates 
m* p. 191-92®, yield 0-5 g. (Found : N, 14-22. C| 7 H M N 3 S requires N, 
14*43 Per cent). It is soluble in strong acids but insoluble in alkali. 

The same compound (m. p. 191-192°) is obtained, if the reduction is 
carried out with granulated tin and hydrochloric acid. 

p-Phenetylthiocarbamidoacetic Acid (II, R ** ^-phenetyl).—A dilute 
alcoholic solution of glycine (2*3 g.) and ^-phenetyltarthiocyanate (5*4 g.) 
was heated under reflux for about an hour and then evai>orated almost to 
dryness. The solid was then treated with cold dilute alkali; the rose 
coloured alkaline solution, on acidification with hydrochloric acid, gave 
a precipitate which crystallised from alcohol in colourless rectangular plates, 
p. 134-35° (decomp.), yield 4-5 g. (Found: N, 10-85. CiiH|< 0 :,N ; S 
requires N, n'02 per cent). It is readily soluble in aqueous sodium 
bicarbonate solution. 

2-Keto-5-p-phenetylaminodihydro*i.4'‘thiazolc (III, R^f-plienetyl).— 
The method of preparation was the same as in the case of the previous 
compound (III, R=/>-tolyl). The compound crystallised from glacial 
acetic acid in brownish rectangular plates, m. p. 193-94°. (Found : N, 
ii-6i. CiiHiaOgNfS requires N, ir86 per cent). It is insoluble in 
alkali and is not desulphurised by yellow oxide of mercury. 

2-Kcto-3-o-nUTobenzal-s-V-phenetylaminodihydro-i:4-lhiazole (IV, R ■* 
£-pheuetyl).—The method of preparation was the same as in the case of the 
previous compound (IV, R**/>-tolyl). The compound crystallised from 
glacial acetic acid in yellowish shining rectangular plates, m.p. 177-78°. 
(Found : N, 11*12. Ci«Hi s 0 4 N a S requires N, 11*38 per cent). 

Reduction of the above Compound (IV, R = £-phenetyl): Formation of 
S-p-Phenetylaminothiazole-2:3(2':$)-quinoline (V, R *f>-phcnetyl).— The 
method of procedure was the same as in the case of the previous comiKHind 
(V, R=*£-tolyl). The compound crystallised from alcohol in brownish 
white rectangular plates, m.p. 175°. (Found: N, 1327. C» 8 H|nON ; iS 
requires N, 13*08 per cent). It is insoluble in alkali and is not desulphurised 
by yellow oxide of mercury. 

My thanks are due to Prof. P. C. Guha for his kind interest in the 
course of this investigation. My thanks are due to the Lady Tata Memorial 
Trust for the award of a scholarship. 

Department or Organic Chemistry, 

Indian Institute or Science. Received foundry 27 1937. 

Bangalore. 
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COMPOSITION OF BOILED OIL. A PRELIMINARY NOTE. 

Bv M. Goswami and A. Saha. 

In a previous paper on the subject, one of us ( Science and Cultuie , 
1935, *83) put forward that the chemical change, when boiled oil is pre¬ 

pared from linseed oil in presence of catalysts like oleates, linoleates or rosi- 
nates of manganese, cobalt, lead or nickel, consists in the formation of 
compounds containing conjugated double bonds ; and in the case of lino- 
lenic add residue there is rearrangement of double bonds to form alternate 
single and double ones : 

CH$ a (CHf);i‘CH = CH'CHji 

CH-CH-CH* 

CH - CH—COO- 

—> CHa’/CIIjVCH - CH-CH = CH 

CH - CH - COO — 

Iixj)eriments have now been done to verify this and other views (loc. 
cit.). It has been found that when linseed oil of nil Diene number is boiled 
in presence of catalysts under the conditions of technical boiling pan with 
regulated supply of air, the Diene value’ 1 ' gradually increases indicating the 
formation of comjK>unds containing conjugated double bonds. 

Experiments are now being done with finely divided metals to verify 
other |>oints, viz., 

(i) In the boiled oil pan it is the finely divided metals which really 

act as catalysts. 

(ii) Olein and linolcin or the oils containing them in presence of 

salt catalysts or the corresponding finely divided metals and 
air form first (a) hydroxy compounds then by elimination of 
H*0, (6) unsaturated compounds and finally, by rearrange* 
inents of double bonds, (c) compounds containing conjugated 
double bonds. 

• * 1*269, where a m no. of c.c. of N, loNaOH required to neutralise 10 c.c. 

of 1% solution of maleic anhydride heated in a sealed tube in blank experiment; b-no. 
of c.c. of Nj io'NaOH required to neutralise the excess of 10 c.c. of x % solution of maleic 
anhydride which remains when oil is heated with it in a sealed tube; e - weight of oil 
in g. (vide Kaufmann and Baltes, Feite a. Seifcn, 1936, IS, 93 ) 
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(***) Linolein or oils containing it under the same conditions 
produce directly (c) of (it). 

The dianges of (it) and (fit) may be represented thus s 
(l) CH 3 (CH 9 )t - CH = CH (CH 8 ) t COO- 
• (Olein) 


CH 3 -(CH a VCH-CH a -CH = CH(CH a ) T ‘COO- 

OH 


—>>CHa'(CH 2 ).,-CH - CH-CH = CH(CH 8 ) 7 *COO- 
or 


CH„ (CH 3 VCH - CH-CH a -CH = CH 

(CH*) t ’CUO- 

—► CH 3 -(CH 2 ) j “CH = CH-CH = CH(CH 8 ) 7 COO- 


( 11 ) CH.,(CH a ) 4 CH = CH'CH t ‘CH - CH*(CH a ),*C<X)- 
( Linolein) 

—> CH |’(CH a )a'CH—CH a - CH - CH CH a -CH 

I « 

OH CH-(CH,) 7 -COO 

—>CH 3 (CH a ) CH = CH CH a CH = CH CH a CH = CH 

(CH a ) 7 'OM) 

—►CH b '(CH*)*’CH = CH-CH - CH-CH = CH (CH a VC< ><> 


Department or Applied Chemistry, ... , 

University College or Science and Received January j6, 1937. 

Technology, Calcutta. 



a Note on the application of potassium 

FERRICYANIDE METHOD FOR THE ESTIMATION 
OF REDUCING SUGARS IN CANE JUICE. 


By Sailesh Chandra Sen. . 

The estimation of glucose (reducing sugar) is generally made by 
Pehling's method. Attempts have, however, been made to estimate glucose 
in cane juice by Cole’s ( Biochem. ]., 1933, 27 , 723) 1% potassium ferricyanide 
method* with slight modification and excellent comparative results with the 
Fehling’s solution have been obtained with the clear sodium phosphate 
filtrate of cane juice. 


Experimental. 

To a cold solution of potassium ferricyanide (1%, 20 or 40 c.c.), caustic 
potash (5 %, 5 or xo c.c.) containing a drop of 1 % methylene blue in a 
conical flask (200 c.c-) about half the volume of sugar solution to be titrated 
were added and the solution heated to boiling on a wire gauze over a flame. 
The flame was then lowered and the sugar solution added allowing a few 
seconds between each addition until the fluid was decolourised within 32 
seconds after one shake in case of exact titration. With an excess of sugar 
solution it takes more time for the after-blueing to occur. The whole 
operation should be completed within 2-3 minutes. 

Comparison of the standard solutions with 1% dextrose and laevulose 
(3 %) is given in Tables I and II. 


Tails I. 

Standard rotation. Dextrose (B. P.. 1%) Lternlore <B. P. 1 %> Remark*, 
reqd. tor titration. reqd. for titration. 

Fotaarfam ferricya - 

nide ro tati on (1 %, The mean remit at 

10 ex.) 1 c.c. 2 c.c. 10 

a* * «t a ltl 

nBRBt 1 IM O OOP 


a c.c. 


a c.c. 
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Tablk II. 


Serial 

Nos. 

Standard solution. 

Cane juice reqd. 
for titration. 

Vol. of lead sub¬ 
acetate filtrate 
reqd. for titration. 

Vol of sodium phot' 
phate filtrate reqd. 
for titration 

x» 

20 c.c. 1 % ferricya¬ 
nide solution 

3-70 cc. 

3*2 c.c. 

3*ao cc. 


4 c.c. Fehling’s 

3*20 

... 

3*30 

a 

20 c.c. Ferricyanide 

370 

3*7 

3 * 8 o 


4 c.c. Fehling's 

3*30 

... 

3*85 


The estimation of reducing sugars with Fehling’s as well as with 
ferricyanide solution has been carried out with over two hundred of canc 
juice samples for the last two years. The results in the case of the sodium 
phosphate filtrate compared very well w ith these two standard solutions. 
With ferricyanide solution, a difference of values in the cane juice and the 
sodium phosphate filtrate is often observed. For the comparison of the 
results, two standard solutions of equivalent strength were always taken. 

My thanks are due to Mr. J. N. Mukherjee, the Imperial Agricultural 
Chemist for his kind help in giving me the facilities for carrying out 
this work. 


IMPIIUAL INSTITUTE OP AGRICULTURAL 

Research, Chemical Laboratory, 
Pusa. 


* The mean result of 6 readings. 
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a Note on the use of adsorption indicator 

IN AC1D1METRY AND ALKALIMETRY. 


Bv Sachindra Nath Roy. 

Id a previous communication (Roy, /. Indian chent . Soc . 1936, 18 , 436) 
the applicability of adsorption indicators in acidimetry and alkalimetry has 
heen described where fluorescein was used as the adsorption indicator in 
conjunction with lead nitrate. In the present paper attempts have been 
made to dcscrilK* the use of fluorescein as an adsorption indicator in con¬ 
junction with stannous chloride. 

A known volume of standard hydrochloric or sulphuric acid (strength 
not less than IV/15) was taken in a conical flask to which a few drops of 
fluorescein (o'5% solution of sodium fluoresceinate) and traces of stannous 
chloride were added and the mixture titrated with caustic soda or sodium 
carlxmate. The end-point was marked by the sudden disappearance of the 
dull-green colour of the solution and consequent development of a distinct 
yellowish red colour. The solution Incomes turbid at the same time. 
Kosin may Ik* used instead of fluorescein in w’hich case the colour changes 
from a dull red to a brilliant turbid violet. 

The strengths of the alkali and the acid determined in this way were 
compared with those obtained by titration with methyl orange as indicator 
and two results were found to lie concordant in moderate dilution, as will 
be evident from the following table* 


Cone, of acid or 
alkali (approx.) 

Vol. of alkaline soln. 
required for & known 
vol. of acid. 

Vol of alkaline soln 
for the same vol. of 
acid. 

• 

(Methyl orange) 

(SnClt& fluorescein or 
eosin) 

N/a 

15*40 

* 5*40 

N /5 

15*50 

15*50 

N/8 

* 5*45 

15*45 

N/10 

18*50 

18*55 

N/15 

18*50 

18*60 
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Hie best results were obtained with N/2 to N/io solution. In dilute 
solutions the results slightly differ from those obtained by using methyl 
orange. This is due to the fact that stannous chloride gives a weak acid 
reaction in solution and hence a larger volume of alkali will be necessary 
to effect the desired colour change- For the same reason acetic acid con 
not be determined accurately by this method. Large neutral salts effect 
the colour change to a considerable degree. 

The mechanism of the reaction maybe explained in the following 
way,—when all the acid is neutralised, the excess drop of alkali hydoxidc 
or carbonate reacts w'ith stannous chloride forming stannous hydroxide, on 
which a re adsorbed stannous and fluorescein ions from the solution with 
the development of a pink colour on the surface of the precipitate. 

My thanks arc due to Prof. A. Maitra for his kind interest in the 

work. 


Chemical Laboratory, 
Presidency Colleoe, 
Calcutta. 
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REVIEWS 

Usttfinl Rings and the IdImqm of Media on Their Formation. 

Bv A. C. Chatterji, D.Sc., Dr. Ing. (Newul Kishore Press, 1936.) 

This is one of the series of publications from the Lucknow University 
edited by Professor 13 . Salmi, Sc.D., F.R.S. After a short general introduc¬ 
tion, the author has described a series of experimental results where the 
influence of the nature of the gel on the formation of periodic precipitates 
of lead chloride, lead iodide and silver molybdate has been recorded. These 
results have been discussed in the light of the peptising influence of gel 
materials and have been shown to be in accordance with the explanation 
of the Liesegang phenomenon advanced by N. R. Dhar and the author. 
The adsorption theory of Bradford and the supersaturation theory first 
suggested by W. Ostwald have been discussed and are considered inade¬ 
quate. In the short space of 29 pages the reader is presented with an 
excellent critical summary of the author’s and Dhar’s theory of the 
Liesegang phenomenon. 

A short bibliography is included. One misses, however, in the body of 
the book, reference to a recent publication on the subject by E. S. Hedges 
(Liesegang rings. Chapman and Hall, 1932) where a critical analysis of the 
author’s theory is also given. In the references to literature in the pamphlet 
the names of Journals have unfortunately been left out. 

P. B G. 

Annual Tables of Constants and Numerioai Data-Radioactivity, Nuclear 
Physios, Transmutations, Neutrons, Positrons. Years 1931 to April 

1936— Reprint from Vol. XI Edited by I. Joliot-Curie, B. Grinbky, 
R. J. Walkn. 

These well known ATC volumes are published usually annually and 
contain a well sifted summary of the physical and chemical constants and 
numerical data which have appeared in print within a certain peiiod. 
Those bearing on a sj>ecial subject can now be obtained in the form of 
reprints. The present one contains the data on radioactivity and other 
allied subjects covering the period 1931—-April 1936, and the name of Mme. 
Irene Joliot-Curie amongst the editors, is a guarantee of the reliability of 
the data collected. 

The’ volume is divided into two parts. Part (A) deals with natural 
radioactivity and contains chapters on half-periods, a-, /?- and y rays, 
radioactivity of potassium and of the rare earths, calorimetry and 
chemical effects of radiations. 

Part (B) deals with transmutations, artificial radioactivity, protons, 
stable isotopes, neutrons and positrons. This i>art contains, so far as is 
known to the reviewer, the first systematic and detailed summary of the whole 
of the experimental data on the newly created subject of transmutations 
and artificial radioactivity, and will prove extremely useful to all workers 
in these subjects. 


D M.B 



QUINOLINE DERIVATIVES. PART II. 

By Tbjbndra Nath Ghosh. 

Antipyrme, discovered by Knorr in 1887, has greater antipyretic 
activity than quinine, but has no specific action against malaria. It was, 
therefore, thought that, if a quinoline derivative with fused pyrazolone 
ring could be synthesised, such a compound will liave antipyretic activity 
and, at the same time, is expected to possess antitnalarial properties, due to 
the presence of the quinoline residue. 

Knorr and Jodicke (Bcr., 1885, 18 , 2262) obtained a pyrazolinoquinoline 
by reducing the product obtained from 0-11 itroben/.oylacetoacetic ester 
and phenylhydrazine. Narang, R&y and Singh (/. Indian Chcm. Sec., 
1934, 11, 427) synthesised a pyrazolinoquinoline derivative, the pharma¬ 
cological examination of which is still under investigation. 

It has been thought worth while to explore other new methods for 
the synthesis of pyrazolinoquinolines. With this object in view, i-phenyl-3- 
methylpyrazolone has been condensed with anthranilic acid at 130-140° 
in presence of fused sodium acetate, when the pyrazolinoquinoline deriva¬ 
tive (I) is obtained with the elimination of two molecules of water, 

OH 

I 

C 

Me 

N NPh 

a) aw 

Although 6 -aminoquinolinc and 8 -aininoquinoline have no action on 
paramaecia in strength of i : 4000* the introduction of OH-group into these 
quinoline derivatives raises their toxic action on paramaecia to a remarkable 
degree (Brahmachari, el al., J. Pharm. Expi. Therap.. 1931, 41 , 355 i * 932 , 
41 , 445). With this idea in view, an investigation was started for the 
synthesis of some aminohydroxyquinoline derivatives, so that their anti* 
malar ial action can be studied. Urethauylacetic ester has now been 
co n d en sed with o-nitrobenzaldehyde in presence of acetic anhydride 
and fused sodium acetate, when a-urethanyl-o-nitrocinnamic ester (II) is 
Obtained. The compound (II) on reduction was expected to pive 



ft 


CH : 

NO, 


'< 


•NH—COglit 
C(),Kt 
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•-bydroj^jSH^bethoxyaminoquinoline and subsequent hydrolysis would 
give 2»hydK>xy-3*ammoqumdine. 

Reduction of the compound (II) with zinc dust and acetic acid did not 
proceed smoothly* An impure product was obtained, which, however, 
could not be crystallised. With tin and hydrochloric acid, the compound 
yields the hydrochloride of o*aminocinnamic acid with the disruption of 
the urethanyl group. 

With a view to synthesise ay-diketo-^-aminobenzoyltetrahydroquino- 
Hne, hippuric arid has now been condensed with anthranilic arid at 145- 
150* in presence of fused sodium acetate, when a mixture of the anilide of 
hippuric acid and a comi>ound possessing the composition CieHuOaN* 
is obtained. That the latter compound possesses the structure (III) is 
proved by the fact that it contains a reactive methylene group and condenses 
with aldehyde to give the compound (IV). 

/N/ NH \ 

II CO -CO, 

| I | ► PhNHC(VCH,NHCOPh 

V\ CH,-NH’COPh 

CO,H 

- 11,0 

N 

—CH,‘NH'C()Ph 

1 

CO 

(in) 





Experimental. 


Condensation of i-Phenyl-ymethylpyrazolone with Anthranilic Acid: 
Formation of i-Phenyl-ymethylpyrazoline-4:S (af:$ , )~4'-hydroryquinoline 
(I).—An ’intimate mixture of i-pbenyl-3-methylpyrazolone (8*7 g.) and 
anthranilic acid (6*8 g.) was fused at 130-140° and finely powdered fused 
•odium acetate (6g.) was slowly added during 1 hour. The mass was 
heated at 130-140° for 4 hours. On cooling, it was treated with aqueous 
sodium bicarbonate solution. The filtered mass was next treated with cold 
dilute alkali, a small portion remaining undissolved. The alkaline solution, 
on acidification with excess of hydrochloric acid, yielded a reddish brown 
pasty mass which was triturated with alcohol. The alcoholic solution left 
a precipitate free from pasty matter, which crystallised from large quantity 
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of alcohol in deader yellowish needles, m.p. 175.76°, yield ig, (Found: 
C, 73 8a; H, 5*11; N, 15*48. Cj7Hi 3 ON 8 requires C, 74*18; H, 4*72; 
N, 15 27 per cent). When boiled with strong hydrochloric acid or with a 
mixture of strong hydrochloric acid and glacial acetic acid, it remains 
unchanged* This shows that the compound, under these conditions* does 
not form a hydrochloride and, in this respect, resembles the compound of 
Knorr and Jodicke (loc. cit.). It is insolubie in aqueous bicarbonate but 
soluble in dilute alkali and precipitated by acids. It gives a dark brown 
colouration with ferric chloride. 

The alkali.insoluble product crystallised from alcohol in light yellow 
needles, m. p. 142*43°. (Found: N, 11*97, When boiled with 

strong hydrochloric acid for about 1 hour, it yields a hydrochloride (colour¬ 
less stout needles)* m.p. 95-96°. Further studies of the compound were 
not possible due to its extremely poor yield. 

c i*Urethanyl-o-nitrocinnamtc Ester ( II).—An acetic anhydride solution 
of urethanylacetic ester (8*8 g., b.p. i6i°/ 90 mm.), o-nitrobenzaldehyde 
(7*6 g.) and fused sodium acetate (5 g.) was heated under reflux for about 
4 hours. On cooling and standing overnight, the deep red solution 
deposited a crystalline product, which was filtered, washed several times 
with alcohol and water, and finally crystallised from alcohol in brown 
rectangular plate9, m.p. 227-28°, yield 5 g. (Found: N, 8*84. 
C 14 Hi 6 0 6 N a requires N, 9*09 per cent). 

Reduction of the above compound (II): Formation of o* Amino* 
cinnamic Acid .—The above compound (II, 4 8 -) mixed with strong 
hydrochloric acid and granulated tin, when the reaction commenced with 
evolution of heat. The mixture was allowed to stand for about 20 minutes 
and then heated uuder reflux for about 30 minutes, when a dark brown 
clear solution was obtained. The solution was diluted with water and tin 
completely removed by passing sulphuretted hydrogen. After filtration, 
the clear solution was evaporated to a small bulk w hen a crystalline product 
was obtained It crystallised from water in colourless shining plates, m p. 
186-87° (decomp.), yield 0*5 g. (Found: N, 6*86. CuH^Oah^HCl requires 
N, 7*03 per cent). 

The free base was obtained by adding sodium acetate to an aqueous 
solution at the above hydrochloride. The solid, thus obtained, crystallised 
from hot water in light yellow needles, m.p. 151-52° (decomp.) and its 
identity with o-aminodnnamic acid was confirmed by studying its properties 
and finally by analysis. 

Condensation of Hippuric Acid with Anthranilic Acid: Formation of 
Anilide of Hippuric Acid and i*Kelo*ybenzoy\aminomethyV$:6-benzo*2 .4- 
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oxazine (III).—An intimate mixture of hippuric acid (9 g.) and antfaraniliic 
acid (6*9 g.) was fused at 165-170 0 and the molten mass, mixed with finely 
powdered sodium acetate (6 g.) ( was heated at 145-150° for about 4 hours. 
On cooling, the fused mass was treated with aqueous sodium bicarbonate 
solution. The insoluble portion, the anilide of hippuric acid, was washed 
several times with water and was finally crystallised from alcohol in colour¬ 
less plates, m.p. 207-208°, yield 4 g. (Found: N, 10*74. Calc, for 
C|sH|«OsN*; N, 1102 per cent). Curtius (/. pr. Chem , 1895,11, 82 , 
257) obtained this compound (m.p. 208 5°) by the action of aniline on 
hippurazide. When it is heated with strong hydrochloric acid for about an 
hour, the solution yields on cooling and dilution with water a crystalline 
solid which is identified to be hippuric add. 

The bicarbonate solution, on acidification with excess of hydrochloric 
acid, yielded a solid which proved to be a mixture of the compound (III) 
and unrcacted hippuric acid, from which the latter was removed by treating 
the solid several times with toiling water. The compound (III), which is 
sparingly soluble in hot water, was crystallised t\\ ice from alcohol in colour¬ 
less slender needles, m.p. 205-207°, yield 2 g. [Found: N, io*n. M W 
(by titration with baryta), 282. Ci (i Hi 2 0 3 N 8 requires N, 10 0 per cent. 
M. W., 280J. When this compound is toiled for nearly 3 hours with strong 
hydrochloric acid, the solution on cooling and dilution w ith water, yields a 
solid identified to be hippuric acid. The mother-liquor, shaken several 
times with ether, yielded, on evaporation a crystalline solid identified to be 
anthranilic acid hydrochloride. 

Condensation 0j the Compound (III) with o-Nitrobenzaldehyde: F01- 
tnation of (IV, R = CsHf'NOg).—An acetic anhydride solution of 
cquimolecular proportions of the compound (III) and o-nitrobenzal- 
dehydc was heated under reflux in presence of fused sodium acetate 
for nearly 3 hours. On cooling the solution was treated with excess of 
aqueous sodium carbonate solution. The carbonate solution was filtered 
and acidified with dilute hydrochloric acid, when a solid was obtained which 
crystallised from alcohol in brow’uisli rectangular plates. It melts at 
2 34 ‘35° to a viscous red liquid. (Found : N, 10 04. C23H1.5O5N3 requires 
N, 1017 per cent). 

My thanks arc due to Prof. P. C. Guha for his kind interest in this 
investigation. My thanks are also due to the Lady Tata Memorial Trust 
for the award of a scholarship. 

DiMKtiiutT o» Organic Chxmistry, 

Ikuun Institute or Science, Received January 37,1937. 
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SPIRO-COMPOUNDS. PART III. SYNTHESIS OF CYCLO 
HEXANE-SPIRO-CYCLOBUTANE DERIVATIVES BY 
THE APPLICATION OF THE DIECKMANN 
REACTION TO ESTERS OF THE TRICAR. 
BALLYLIC SERIES. 

Bv Nripkndra Nath Chattrrjee* 

On the basis of the Baeyer's strain theory, the cyc/obutane ring should 
be fonned much more easily than the cyclopropane ring, and less easily 
than the cyc/chexane and cyc/opentane rings, but the methods which arc 
used for the synthesis of three , five- and six*mcmbcred rings break down 
wholly or partially in the case of the four-membred ring. The thermo¬ 
chemical data of Stolnuann and Klel>er (/. f>r. Chem 1892, ii, ifl, 475) are 
also at variance with the strain theory. This anomaly has been explained 
by Ingold (/. Chem. Soc. t 1921, 199 , 305) by assuming that the angle 
between the two carbon valencies via polymethylene chain is 115*2° and not 
109*5° as assumed by Baeyer. 

The effect of gem-dialkyl grouping in promoting ring formation is 
evident from the work of Perkin and Thorpe (/. Chem . Soc. t 1904, 8fl, 138), 
Kon (/. Chem. Soc., 1921, 119 , 810; 1922, 121 , 513) and this has been 
explained on the valency deflection theory by Thori>e, Ingold and others 
( 7 . Chem. Soc 1915, 107 , 1080). 

The effect of cyclohexane, methylcyc/ohcxane, cyc/opentanc and gem - 
dialkyl grouping, attached to a tricarballylic acid residue, on the formation 
and stability of a spiro-cyc/obutane ring has Ixien studied and it has been 
observed that cyc/obutane derivative could only Ik.* isolated in the 
f are when it is combined with a cyclohexane ring. Freshly distilled 
cyclohexanone cyanohydrin is condensed u itli the sodium salt of 
ethyl cyanoacetate (c/, Dickens, Horton and Thorpe, /. Chem. Soc., 
1924, 1B8, 1830) and the sodium salt of ethyl i-cyanocyclohexane* 
1 -cyanoacetate (I), thus obtained, is allowed to react with ethyl 
hromoacetate to yield diethyl r-cyanocyclohexane-i-cyanosuccinate (II). 
On hydrolysis the above ester yields i-carboxycydohexane-i-succinic 
acid (HI). The corresponding ester yields diethyl cyc/ohexane-spiro- 
cyciobutane-2*oiie*3:4-dicarboxylate (IV) when heated with sodium in 
xylene. The yield of the keto-esler is very poor, barely reaching 1% 



H. V. CHATTBBJEE 


128 


of tbe theoretical. This ester in alcoholic solution gives a reddish violet 
colouration with ferric chloride and when oxidised by means of nitric acid 
yields cyclohexane-1: i-dicar boxy lie acid. Further corroborative proof is 
being collected in support of spiro-cyclobutanone structure. 
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The products obtained from other ketone-cyanohydrins are tabulated 
below. 


Cjanoliydrina. 

t 

Condensation products. 

IWIucts after 
hydrolysis. 

Esters of 
the trilmftic 
acids. 

4-*ietbylryrtohrxj- 

nonrHryaxiohydriii 

Diethyl 4 -*nethyhi-cvano- 
eye Johexane-i -cyanoinccinate 

4*Methlcyrtohex*ne- 
lnarboxy tic-i-suc¬ 
cinic acid (A) 

Triethrl 

4 -methyl- 

cyclobtxm- 

ne-j-carbo* 

xylate-x- 

iiicdlBate 

a-Mctbylcyctobexa* 

nofle-cyanobydrm 

Diethyl a-methyl-i-cyano* 
ryck>hc:uuie-i <yanoaoccinate 

a~Methylrycfc>» 
hexane-i-car- 
bpaylk»x*ase* 
cuuc acid (B) 

Triethyl a* 
mdbylcycto 
buu&fu 
carbary late- 
i-aaccmat* 
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Cyanohydrins, 

Condensation products. 

Products alter 
hydrolysis. 

Esters at 
the tribasic 
acids. 

cycloPmtMXkoae- 

cyanohydrin 

Diethyl r-cyanorydopen* 
tane-i-cyanosnccinate 

cyclo Penta¬ 
ne- 1-corboxy- 
lic-1-succinic 
acid 

Triethyl cy* 
dopentane- 
x-carboxvla- 
te-i-auod- 
nate (C) 

Acetone-cyanohy¬ 

drin 

Diethyl 2-methyl-a :3-dicyano- 
lratane-3 :4-dicarboxylate 

••-Dimethyl- 
tricarballylic 
acid (F) ’ 

Triethyl 
M-dimethvl- 
tricarballvl- 
ate (D) 

3-MethylcycJohexa- 
none-cy anohy dri n 

Diethyl 3-methyl-i-cvano- 
cydohexane-i-cyanosuccinate 

3-Methylcydn- 
hexane* 1-car- 
box vlic-i-suc¬ 
cinic acid(K) 

Triethvl y 

methykydo- 

hcxaiie-i- 

carboxylate-i- 

succinate 


Triethyl 4-methyl-cyci0hexane-i-carboxylatc-i-succinate undergoes ring 
closure in presence of sodium in xylene to yield 4'-methylcyc/ohexanc-spiro- 
ryctobutane-2-one-3:4-dicarboxylate. In alcoholic solution it gives a reddish 
violet colouration with ferric chloride. 

Attempt has also been made with the esters (C and D) to effect the 
ring-closure but no definite product could be isolated. 

The acid (F) is known as the oxidation product of many terpene com¬ 
pounds (Tiemann and Semmler, Bex., 1895, 88, 1349; Gardner and 
Cockbum, /. Chem- Soc., 1898, 78 , 708 : Jagelki, Bex., 1899, 88, 1509; 
Baeyer, ibid., 1896, 88, 279a). The synthetic method of preparing this 
acid is that due to Haller and Blank ( Coxnpt. xeni., 1900, 181 , 19) who 
obtained it by hydrolysing the condensation product of ethyl cyanosuccinate 
and ethyl o-bromoiwbutyrate (Barthe, Coxnpt . xend., 1897, 188 ,18a) by 
means of hydrochloric acid. Other synthetic methods are those due to 
Borne and Spr&nkling (/. Chem. Soc., 1902, 81 , 49) and Clemo and Welch 
(/. Chexn. Soc., 1928, 2621). 

Com pounds (A, B and E) may occur in two or more forms. Experi¬ 
ments are in progress to separate them. 


ExmitiNTa.. 

Diethyl i-cyanocyclohexaxie-i-cyanosuccixiate. — To a well-cooled 
solution of freshly distilled cyclohexanone-cyanohydrin (186 g) in absolute 
alcohol (186 c«.), a suspension of ethyl aodiocyanoacetate, obtained from 
ethyl cyanoacetate (168 g.), sodium (33 *•) (500 c.c ), was 
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gradually added with vigorous shaking The mixture after being kept 
in ice for 6 hours and at room temperature for 3 days was mixed with ethyl 
bromoacetate (280 g.) and after the initial reaction had abated was boiled 
under reflux until it was neutral to litmus (8 hours). The mixture was 
filtered and the filtrate diluted with water and extracted with ether, the 
ethereal solution washed with water, dried and the ether removed. It 
distilled as a viscous liquid, b p. 200-205*77 mm , yield 170 g. (Found : 
C, 62 6; H, 7*2 C| A H* 2 <>4N 2 requires C, 627; H, 719 per cent). 

i*Carboxycyc]ohexane~i^succinic Acid .—The foregoing ester (20 g ) 
was mixed with sulphuiic acid (70%, 120 cc.) and boiled under 
reflux for 12 hours. The condenser was removed from time to time 
to allow the alcohol formed to escape. The solution was then diluted 
with water and extracted with ether, and the ethereal solution was 
treated with sodium carl>onate. On acidification of the carbonate solution 
a product was obtained which was heated on the water-bath with a solution 
of caustic alkali (15%) for 3-4 hours The alkaline solution was then 
acidified and extracted with ether. After removing ether the product 
was kept in a desiccator when it solidified. It crystallised from ether, 
in. p. 187° (decomp.), yield 10 g. (Found: C, 547; H, 6*5. CijHiA 
requires C, 54-1; H, 6-5 per cent). 

Triethyl cyclahexane-i-carborylatc-isuccinatc was obtained in an 
almost quantitative yield from the acid by the alcohol vapour method. In 
a typical experiment the acid (20 g.) # absolute alcohol (60 c.c.), concentrated 
sulphuric acid (6 c.c.), 3 litres of vaporised alcohol (3-4 hours) gave 22 g. 
of the ester, bp. 174-76°/6 mm. (Found: C, 62*1; H, 8-4. Ci 7 H* 8 0 6 
requires C, 62a; H, 8 5 per cent). 

Diethyl cyc\ohcxanc-spiro-cyc\obutane-2'onc-y.4-dicarboxylate (IV).— 
A mixture of the foregoing ester (30 g.) and granulated sodium (4-3 g.) 
in dry xylene (150 c.c.) was heated on an oil-bath at about 150° for 
J hour. The sodium gradually dissolved and a red jelly filled the flask. 
Frequent shaking was necessary to prevent local overheating, leading to 
decomposition, and 50 c.c. of xylene after 20-30 minutes were added 
to prevent the mass from becoming too solid. When cooled the 
reaction mixture was decomposed with ice and ice-cold dilute sulphu¬ 
ric acid. The products of six such operations were combined. The 
acid aqueous layer was sof>aratcd from the xylene solution and extracted 
with ether, which was added to the xylene solution. After washing with 
water this solution was treated with sodium carbonate solution. After 
washing with water and drying over sodium sulphate, the ether- 
xylene solution was fractionated. The ester was obtained as a pale yellpw 
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oil. b P-178-8076 mm. (Found : C, 631; H, 7-4- C u H M 0 # require* C, 
63-8; H, 7.8 per cent). 

Oxidation of cycioHexane-spiro-cyclobutane-i-one-y^-dicarboxylale .— 
The keto-ester (1 5 g.) was warmed with an excess of concentrated nitric 
acid until most of the red fumes disappeared. The resulting solution was 
then boiled for a few minutes and finally evaporated to dryness. The 
residue was treated with water and again evaporated ; the aetoi-SQjjd 
mass, thus obtained, was left on a porous plate and after crystallisation 
from water the cyclohexane-i:i-dicarboxylic acid melted at 176’ (decomp.) 
(lit. m- p 176®). 

Almost identical conditions were employed in the preparation of the 
compounds described in the following table. 



Products. B.p. or M.p. 

Formula. 

Analysis. 
Found. Calc. 

Yield. 

(1) 4-Methyl- Diethvl 4-methvl 203*-2io*/6 

cyclohexanone cyclohcxane-i-cy&no- ram- 
cyanohydrin i-cyanosuccinate m p. 90° 

(190 g.) cryst. from 

ether 

CitHiAN, C, 641. 

Hi 7*5 
N, 8-8 

637; 

r* 

87 5 

* 5 ° 8 - 

Product of 
hydrolysis 
(20 g. of 
cyanoester) 

4-Methyl-cyc/ohcxane- in.p. 188* 
i-carboxylic-i-succi- crys»t. from 
nic acid ether 

CwUuO, 

CJ 6-5 

H, 7-0 

55*8 

6*9 

22 g. 

Ester 

Triethyl 4-methyl- 278 *- 8 o °/5 
cyclohexane-1-car- mm. 

boxylate-1-succi¬ 
nate 


6yo 

87 

6yi 

87 

Quantita¬ 

tive 

IHeckmann 
reaction pro¬ 
duct 

4 / -Methvl cyclohcx- 177*^5* 5 
ane-spiro-cydobut- mm. 
ane-2-one-3 :4-di- 
carboxylate 

C,,H,A 

641 

8-4 

64* 

81 

About 

2 per cent. 

(2) 2-Methylryciu- Diethyl 2-methyl 20o*-ao8*'6 Cj7H m 0 4 N* 
hexanone cya- cyclohexane-1- mm. 

nohydrin cvano-i-cyanosuc- 

(180 g.) cJnnte 

64*0 

7-6 

637 

7*5 

5 °g- 

Product of 
hydrolysis (20 
g. erf cyano¬ 
ester) 

2-Methyl-cyclohexane No definite CuHuO§ 
-i-carboxylic-i- isomer could 

succinic acid be isolated 

56*4 

7*2 

55*8 

6*9 

10 g. 

Ester 

Trkthvl-2-methyl- 175**78 /4 
cyclohexane 2-car- mm. 

•■boxvJate-i-sticd- 

C«HjA 

v 7 

6$i 

87 

Quantita¬ 

tive 


note 
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Product*. B.p. or M.p. Foramla. Analysis. 

Pound. Calc. 

Yield. 

( 3 ) t-Methyt cyclo- 

Diethyl 3-methyl 

200-205* 16 CjrHjAtft C, 64*0 637 

130 g. 

bexanooe cya¬ 
nohydrin 

(1 Bog,) 

cyclohexane*!* 

cyano-i-cyanosuc- 

cinate 

mm. 

«. 77 75 


Product of 

3-Methyl-rycJohex 

No definite C|jHj§ 0 | 

58-5 55*8 

10 £7 

hydrolysis 

ane-i-carboxvlic-i- 

isomer 

7-3 6-9 


(20 g. Of C)'«* 

no enter) 

snecinic acid 

could be 
isolated 



Enter 

Triethyl 3-methyl- 
rycfohexane-i-car- 
boxylate-i-succi- 
natc 

178*/5 mm. C,pHj|0t 

% % 

Quanti¬ 

tative 

(4) rvcIoPentanone 

I)icth\l cyclopvn- 

i97*-203*/7 C'isH|®( )|Nj 

62-0 61 *6 

120 g. 

oanohydrin 
(186 g.) 

tanc i-c\ano-i-cva- 
nosuccinate 

mm 

6*9 6*8 


Product of 

ryrioPentane-i-car- 

m.p 159 0 C 10 Hi 4 ()| 

5275 S2'i5 

ng- 

hydrolysis 
(ao g. of cyano- 

e»ter) 

box\lic-i -succinic 
acid 

ervst. from 
ether 

6*1 608 


lister 

Tricthjl 1 ycl open - 

173°*75‘ f 7 6 

6ri 6 i*i 

Quanti¬ 


taue-warboxylatc 

1-succinate 

mm. 

8 *i 8-2 

tative 

(5) Acetone cyano¬ 

Diethtl 2-mcth\l- 

180 '^r 6 C1.H1.O4Nf 587 58-6 

50 g. 

hydrin (90 g ) 

2 .3-dicyanobutane- 

3 .‘4-dicarboxylnte 

mm. 

6*6 67 


iToduct of 

aa-Dimethvl- 

111 p i 56 6 C g II w () 6 

468 47*06 

» 8 g. 

hydrolysis 
(ao g of cyano- 
cster) 

tricarballylic acid 

cryst. from 
dilute HC 1 

5*8 5*8 

lister 

Triethyl ««-dime- 
thvltricarbalh late 

l6n* 5 mm CidlftOt 

58*3 58*3 
85 8*3 

Quanti¬ 

tative 

My sincere 

thanks are due to 

Prof. P. C. Mitter 

for encouragement 


and advice during the course of this work. 


CHOUCAI LABORATORY, 

Univrrhitv Coukc.k of Sciknck 

AND TKOINOLOOY, CaLCVTTA 


Received October 22, 1936. 



ON THE NATURE OF THE ELECTRIC CHARGE OF 
A PRECIPITATE FORMED IN PRESENCE OF AN 
EXCESS OF EITHER OF ITS CONSTITUENT IONS. 

PART I. 

By Subodh Gobinda Chaudhury and Jyotirmoy Sbn-Guj*ta. 

In a previous paper (J. Indian Chem. Soc., 1936, 18 , 670) it has been 
shown that the nature of the electric charge of a ferrocyanidc precipitate, 
formed from the precipitants. when they are equivalent or one in excess 6! 
another, shows that when the concentration of the electrolytes taken is 
o*i N, the charge of copper and uranium ferrocyanide is always positive, 
while that of zinc ferrocyanide is negative but when the concentration is 
o’oiN, the charge of copper ferrocyanide is always negative. From this it 
would appear that the nature of the charge of a precipitate depends on 

(i) the nature of the electrolytes taken for precipitation of a particular 
precipitate and also on, (ii) the concentrations of the electrolytes taken and 
(Hi) is independent of the sequence of mixing, i.c., whether an electro¬ 
lyte MN is added to another PQ or the latter added to the former. 

These results are apparently not in agreement with the observations 
of Lotter Moser on silver halides (J. pr. Chem., 1905, ii, 72 , 39; Lottcr 
Moser and I*othe, Z . physikal. Chem., 1908, 62 , 359), of Fajans (ibid., 
19211 27 , 478) and of Mukherjee and his co-workers on silver iodide and 
other systems (/. Indian Chem. Soc., 1926, 8, 335 ; 1924, 1 , 173) who found 
that a slight excess of one of the precipitating electrolytes imparts a charge 
to the precipitate (silver halide) similar to that of the ion, common to the 
precipitate and one of the electrolytes taken for precipitation. 

Recently however Verwey (Chem. Rev., 1935, 16 , 363) has rei>orted the 
work of Julien in which it has been shown that silver halides do not always 
acquire the same charge as that of the constituent ion present in excess. 
Moreover, in our work (loc. cit.) it has been showm that the nature of the 
charge appears to depend on the initial concentrations and the nature of the 
electrolytes taken for precipitation. This difference as has been jxuuted out 
before (loc. cit.) f is due to a difference in the nature and the method of prepa* 
ration of the precipitates to start with. I11 our exjieriments, the measure* 
meets of catafJhoretic velocity were done just at and after the time of pre¬ 
cipitation, while in the experiments done by other authors, the starting 
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material was pure, ie, free from electrolytes. Hence it was thought 
desirable to re-investigate the nature of the charge in the case of these and 
other precipitates under different conditions. 


Experimental. 

Since the point, raised above is cleared up if the nature of the electric 
charge acquired by the precipitate is known, only the sign of the charge 
of different precipitates has been measured by the micro-cataphoretic method 
(cf. Mukherjee, Chaudhury and Bhabak, J. Indian Chem. Soe., 1936, 18 , 
370; Mukherjee, Chaudhury and Sen-gupta, ibid., 1936, 18 ,428). The 
following tables contain the experimental results obtained with different 
precipitates. 


Table I. 

Copper fcrrocyanide. 


C11SO4 and K«Fe 
(Former added to latter). 


SkceMof 

Charge after 

K4FC (CN)| Pptn. ajhni. aohra. 

• ex. 

♦ 44 

°*5 

444 

r 

♦ 4 (feeble) 

• 2 

4 4 (feeble) - 

3 

- (feeble) - - 

4 

m - - • 


(CN) e , 50 c.c. each. 

(Latter added to former). 

Excess of Charge after 

CnSOu Pptn. 3 hrs. 22 hrs. 
W/100). 

o*5 

x — (feeble) - — 

2 o . ± . 4 

3 —(techie) 4 . 4 

5 ♦ ♦ ♦ 


S 
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Tabu II. 

Zinc fertocyanide. 

ZnS0 4 and K 4 Fe (CN) fl , so c.c. each. 


(Latter added to former). 
Excess of ZnS 0 4 Charge after 
(N/io). Pptn. K> hrs. 


(Latter added to former). 

Excess of ZnS 0 4 Charge after 
(N/100). Pptn. 48 hr. 


- (feeble) 
-( .. ) 


+ ( .. ) 


Tabu III. 

Uranium fertocyanide. 

COs(NO s )», 6HjOand K 4 Fe (CN) fl , 3H*0, 50 c.c. each. 
(Former added to latter). (Latter added to former). 

ExcessofK 4 Fe(CN), Charge after Excess of UO^NO,*. Charge after 

IN 110). Pptn. 48 hr. (N/«oo). *>hr. 


- (feeble I 
- (feeble) ♦ (feeble) 
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TAAkJfcIV. 

Siher IotUe. 

AgNOg and KI, 50 C.C. each 

(Latter added to former). (Latter added to fanner). 

Excess of AgNOj Charge after Excess of AgNO* Charge after 
{S/ioh Pptn. 20 hrs. {N/ ioo). Pptn. ai hrs 

o c. c. — — o c. c- — — 

0*5 4 - 0*5 4 - 

14“ I + - 

a 4 4 2 4 + 

5 ♦ «■ 

ill 4 4 

Table V. 

Silver Iodide . 

AgN< >3 and KI, 50 c.c. each (latter added to former). 

Excess of KI (V, io> Charge after precipitation. Charge after 2a hrs. 

o c. c. “ — 

0:5 

1 - — 

a “ “ 

Discussion. 

The reaction between copper sulphate and potassium ferrocyanide is 
represented by * 

2 CuS 0 4 hK 4 FelCN) 0 = Cu*Fe(CN) 0 + 2 K*S0 4 . 

Here we have the*copper ferrocyanide precipitate and in solution potassium 
sulphate* When, the concentrations of the precipitating electrolytes are 
high (here N/10), the initial charge is always positive (even if copper 
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sulphate is added to potassium ferrocyanide, in which case, the change of 
the precipitate being negatively charged is greater) when the electrolytes 
taken for precipitation are equivalent or even when excess of potassium 
ferrocyanide [0*5 c.c. of Nl io-K 4 Fe(CN) c in a total volume of 100 c.c.] is 
taken. With excess of higher and higher concentrations of potassium 
ferrocyanide, the charge is initially positive but becomes negative with time 
until at an excess of 3 c.c- of N/io-K4Fe(CN) 6 , the charge is negative from 
the very beginning. At this (Nl 10) and higher concentrations of the 
precipitation electrolytes when mixed in equivalent quantitites the charge of 
the precipitate is always positive, irrespective of the method of addition 
( cf . Part II, loc. cit.). 

If, however, the precipitate is formed from dilutions of electrolytes in 
equivalent quantities (here taken N/ 100), the charge is negative irrespective 
of the method of addition of the two electrolytes (cf. Part II, 
loc. cit ). Here the precipitate remains negative even in excess of copper 
sulphate (1 c.c. of CuS() 4 in a total volume of 100 c.c.) but with still higher 
concentrations of copper sulphate the charge becomes neutral and then 
positive. At an excess of 2 c.c. (CuS() 4 , N/100), the time effect is apparent 
(cf. Table I). In order to explain these results, it would lx* necessary to 
refer briefly to the theories on the origin of the charge of such precipitates. 
This mechanism of the origin of the charge of the precipitate or of the 
primary or initial formation of the double layer was first clearly given by 
Mukherjee (Trans. Faraday Soc. t 1921, 16 , 103) and later on slightly 
modified by Lange (cf. Verwey, loc. cit., Lange and Berger, Z. Elctrochem., 
1930, 86, 171). 

In a way, there is no fundamental distinction between the two ideas 
about the formation of the double layer. Mukherjee (loc. at.) star is from 
the chemical point of view and assumes that due to residual unbalanced 
chemical affinity on the surface of a precipitate, one of the constituent ions 
will be adsorbed during the precipitation thus imparting a definite magnitude 
and sign of the charge on the individual particles in the precipitate. In 
presence of excess of one of the constituent ions (i.c. to say, the ion fitting 
in the lattice of the crystal), the particular ion should be primarily adsorbed 
by the precipitate in preference to other ions present in the solution. Due 
to the charge so acquired, ions of opposite sign will be attracted near the 
surface. Some of these ions are mobile and free, others are bound, only the 
latter being effective in diminishing the surface density of charge. Lange 
assumes that the primary formation of the double layer is due to a difference 
in the thermodynamic potential of an ion in the lattice and in the solution. 
In the case of silver halides, he assumes that the metallic ions (i.e. silver) 
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would put from the solid phase to the solution. Since the solubility product 
of the halide is constant, some of the halide ions must be precipitated from 
the solution to the solid phase. _ Thus silver halides in contact with pure 
water must be negative as is also experimentally found to be ease, and also 
the precipitate when initially formed should take up more halide ions titan 
silver for the same reason and thus be negatively charged. According to 
Mukherjee (loc. cit.), the precipitate should have the charge of that 
constituent ion of the precipitate which is present in exedh at the time of 
precipitation, and the electric deusity of charge of a precipitate thus should 
not depend on the concentrations of the precipitating electrolytes. Accord* 
ing to Lange (loc. cit.) the charge of the precipitate should not also depend 
on the concentrations of the precipitating electrolytes when they are taken 
in equivalent quantities. According to both the theories, when a solution 
of potassium ferrocyanide is added to copper sulphate, the copper ferro- 
cyanide is formed always in an excess of copper sulphate, and therefore 
the precipitate should be positively charged, whereas in the reverse way of 
mixture, the charge should be negative. The facts stated above are not in 
agreement with the conclusions drawn from these theories. 

It is true, according to Mukherjee (loc. cit.), that the presence of a 
concentrated solution of KgSO*, may make the charge of the copper 
ferrocyanide positive, and when the precipitate is formed in a more dilute 
solution, the concentration of K. 8 S0 4 is low and is thus not sufficient to 
reverse the negative charge of the precipitate formed. For this, we have 
to assume that the iuitial charge of the copper ferrocyanide precipitate is 
negative under all conditions and subsequent secondary adsorption of 
potassium ions modifies the charge depending of course on the concentra¬ 
tion of potassium ions present at the time of, and after precipitation. 
According to the theories stated above, the charge of a precipitate is not 
independent of the method of addition of the precipitating electrolytes, 
nd cannot therefore be always initially negative. The considerations 
act forth above are valid only when the precipitating electrolytes are 
taken in equivalent quantities. If either of the precipitating electrolytes 
is in excess, then of course, the non-agreement of facts with derivations 
from these theories is still more apparent. Data on uranium ferrocyanide 
precipitate (cf. Table III), show the same peculiarities as copper ferro¬ 
cyanide. and support the conclusions drawn above. A precipitate of 
sine ferrocyanide shows a negative charge even in a considerable excsss at 
sine sulphate (cf. Table II), a fact which is difficult to reconcile with 
the postulations of Mukherjee (which have been fruitful in —pUmiwg 
to many facts observed by others, loc. cit.) unless of course it is ummstd 
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that subsidiary chemical reactions play a part. It follows that zinc ions 
should have been adsorbed due to residual chemical affinity on the surface 
of zinc ferrocyanide (here zinc is divalent and ferrocyanide tetravalent) and 
the charge should have been positive ; from Lange's theory it follows that 
in presence of moderate amounts of zinc ions in solution, thermodynamic 
considerations demand that zinc ion should not have been discharged on the 
surface of the zinc ferrocyanide and the charge should be thus negative. 
At higher concentrations, there is a probability (rather remote) of the charge 
being positive as we actually find. But the fact, that the charge of a 
precipitate depends, at least in some cases, on the concentrations of the 
precipitants, goes definitely against the theory of thermodynamic poten¬ 
tials of these ions as the cause of the primary formation of double 
layer. 

So is also the case with silver iodide. Here the concentration effect 
is absent, i.e., whether silver iodide is precipitated from N/ioo-AgNO :< and 
Nj ioo-KI or from N/ io-AgNO. t and N/io-KI, the charge is always nega : 
tive, when the precipitants are mixed in equivalent quantities. With slight 
excess of silver nitrate, the charge, though initially positive, lx?comes negative 
afterwards with time. With still higher excess of silver nitrate, the charge 
is always positive. At the time of our investigations we were not aware of 
the somewhat similar result obtained by Julien (cf. Verwey. loc. cit.). 
It is not apparent from that paper whether the precipitates of silver halides 
were washed free from all electrolytes and then kept in contact with low 
concentrations of AgN( ) 3 and then the charge of the precipitate measured 
or the charge of the freshly formed precipitate in contact with potassium 
nitrate (formed as a result of the reaction) was measured, as we have done. 
It will appear that the initial positive charge, presumably due to the primary 
adsorption of silver ions which are present in excess, is modified and becomes 
negative with time—a fact which again contradicts the fundamental assump¬ 
tions of the current theories. 

Verwey’s (loc. cit.) elaboration of Lange’s idea on the primary 
formation of double layer, depending on the thermodynamic potentials 
of the ions adsorbed and a shift of the zero point of the total jiotential, 
does not lead us any further, for the shift of the zero point does not 
evidently depend on the concentrations of the precipitating electrolytes 
taken . 

It would appear, however, that the initial charge of these precipitates 
depends in addition to residual chemical affinity of the surface and to some 
extent the thermodynamic potential of the constituent ions on their crystal¬ 
lise or jelly-like structure. Thus if Mukheriee’s theory be elaborated in the 

3 
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tense that is addition to residual chemical affinity of the surface, adsorption 
of ions also depends on their thermodynamic potentials and on the crystalline 
structure of the adsorbent, then there might be possible explanations of all 
the facts observed. These ideas were explicit though not implicitly stated 
(cf . Mukherjee, loc. ri/.). Thus daring the formation of the precipitate, it 
acquires an initial charge which is grad'ially modified due to the adsorption 
of a number of ions from the solution and with time when equilibrium is 
obtained, the precipitate finally acquires a definite magnitude and sign of 
the charge depending on the concentration of the particular ions present 
at and after the time of precipitation on the structure of the adsorbent. 
No definite picture can be given of such processes (which appear to be 
characteristic by themselves) unless their crystalline structure is com¬ 
pletely known and further exj>erimental work on other systems is 
available. Ail that can be said is that, each and every precipitate has its 
own characteristic properties, which dei*?nds mainly on the history of its 
preparation . 


S v M m A R v. 

1. A polar precipitate docs not show' the same sign of the charge as 
the constituent ion present in moderate excess at the time of preci¬ 
pitation. 

2. There is a time effect on the density of the charge, i.r., the sign 
of the charge changes w ith time, sometimes when the precipitants are taken 
in equivalent quantities und sometimes when one of the precipitant is present 
in large excess. 

3* The sign of the charge appears to de|>end on the concentra¬ 
tions of the precipitants taken, and independent of the sequence of 
mixing. 

Our best thanks are due to Prof. J. N. Mukherjee, D.Sc., for his 
guidance and facilities given. 


Physical Chemistry Laboratory , 
University College or Science, 
Calcutta. 
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cHemical Examination of the seeds of cichorium 

INTYBUS, LINN. CONSTITUENTS OF THE OIL 
FROM THE SEEDS. 

By Ram Nath Misra and Sikhibhushan Dutt. 

Cichorium Jntybus Linn., called Kasni in Hindustani, belongs to the 
natural order Composttae, and is a native of the north western parts of 
India. The seeds are reputed to be tonic, demulcent and cooling and they 
are used in various forms for bilious vomiting and obstructed menstruations. 
The use of Kasni by Indian physicians is much the same as that of 
Taraxacum in Europe (Kirtikar and Basu, '‘Indian Medicinal Plants/* 
1918, 1 , p. 728 ; Dymock, " Pharmacographica Indica, M II, p. 311). 

The roots which are used as adulterants for coffee have been chemically 
examined. Nietzki (Arch. Pharm ., 8, 327) separated from the flowers 
a crystalline glucoside CsgH^Oj 9, 4JH2U. The bland oil contained in the 
seeds is the subject of the present investigation. No crystalline substances 
could be isolated from the seeds but the seeds have been found to contain 
the following :—Oil (4*7%), phlobaphenes (1%), tannins (1 %) and reducing 
sugars. 


Experimental. 

An authentic specimen of Cichorium Intybus seeds was procured from 
the neighbourhood. A sample when burnt left 13*8% of a greyish white 
ash, consisting of 17*5% water-soluble and 82*5% water-insoluble inorganic 
material consists, mainly of potassium, sodium (traces), calcium, 
aluminium, sulphate, phosphate, chloride, carbonate and silica. 

Extraction of the Oil. —2*5 Kg. of finely crushed seeds were exhaus¬ 
tively extracted with benzene in a large extraction flask and on removal of 
the solvent by distillation 11S g. of an oil of the consistency of honey were 
obtained. It was obtained as a transparent light brown liquid on purifica¬ 
tion by Fuller’s earth and animal charcoal. 

Examination of the Oil.—* It is a semi-drying oil, free from nitrogen or 
sulphur and optically inactive. It bums with a partially smoky and non- 
sooty flame. It has specific gravity 0 9229 at 22°; refractive index, 
**3795 ^ 30°; solidifying point, -n°; acid value, 11*2; saponification 
value, 1931; acetyl value, 14*8 ; iodine value 95*6; Hehner's value, 
93*9 and unsaponifiable matter, 1*7%. 
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75 O. of the oil were saponified with alcoholic alkali and the soap 
extracted with ether to remove the unsaponifiable matter. The fatty 
adds were extracted with petroleum ether after acidifying the soap solution 
with dilute sulphuric acid. These were semi-solid and had liquifying point 
35*38°* ; specific gravity, 0*8931 at 40° ; neutralisation value, 192*5 ; 
mean molecular weight, 291*4 and iodine value, 104*8. 40 G. of these 
fatty acids were subjected to Twitcheirs lead salt-alcohol method and 
separated into saturated and unsaturated portions (Twitchell, Ind. Eng. 
Chem., 1921, 18 , 806). Table I gives the percentages. 




Table 1. 



Acids. 

In mixed 
acids 

In oil. 

Iodine value. 

Mean M. W 

Saturated 

217% 

20-01% 

1*6 

260-8 

Unaaturattd 

7 * *3 

7 2, 9 

141-6 

280-5 


Examination of Unsaturated Acids .—The methods of estimation 
according to Kibner and Muggenthalor (Leukowitch, “Chemical Technology 
of (His etc.", 5th lid., Vol. I, p.573), and Jamiesson and Boughman (J. Amer . 
Chem . Sol 1920, 42 , 1197) failed as no crystalline bromo derivatives were 
formed. By oxidation with alkaline potassium permanganate (Leukowitch, 
tbid 19041 Vol. I, p. 300) the presence of oleic and linolic acids alone was 
proved and these, therefore, may be presumed to constitute the unsaturated 
portion of the fatty acids for ail practical purposes. From the iodine value 
the percentages of these acids have teen calculated and are given in 
Tabic II. 


Taislk II. 

Acid* In uusatmated acids. In mixed acids In oil. 

' •• 4 *'*% 33*5/0 30*9% 

Linolic 572 448 41-3 

Examination of Saturated Acids .—The mixed saturated acids were 
csterified and the methyl esters fractionally distilled under reduced pressure, 
the pressure and temperatures being recorded. The weights of the various 
fractions and their iodine and neutralisation values gave the percentages of 
stearic and palmitic acids in the mixture. The mean molecular weights of 
the first and the last fractions were found to lie between 270*3 and 298*4, 
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the mean molecular weights of methyl palmitate and stearate respectively. 
Table III gives the results of distillation and Table IV those of analysis. 


Table III. 


Fraction. 

Temperature. 

Pressure. 

Weight. 

I 


* 

167-170* 


5 mm. 

i&g- 

n 


170172* 

rose quickly to 183° 

» 

3.20 

ni 


183-186* 
rose to 190-200* 


»» 

0*72 

Residue 


Above 200*. 


» 

1*42 





Table IV. 


Fraction. 

Iodine 

value. 

vSapon 

value. 

Mean 
M. W. 

Acids 

Palmitic. Stearic 

Unsaturated. 

I 

i *3 

204-6 

274*3 

2-00 g. 

77-52% 0-40 g. 15-51% 

ou 43 g i' '**>% 

II 

i*8 

199-3 

281*5 

1*74 

54*56 1*22 38*42 

0*074 2*30 

III 

3*5 

192*1 

291*8 

0*17 

24*63 0*48 69*56 

0.032 4*48 

Residue 

13-2 

189*7 

295*4 

0-082 

7*08 1*03 88*20 

0*240 169 


Examination of {the Unsaponifiable Matter .—This was extracted by 
ether after saponification of the oil with alcoholic caustic potash. On 
purification by repeated crystallisation from alcohol it was identified 
as a phytosterol, m.p. i3i-33 e - 

One of the authors (R. N. M.) is highly indebted to the ‘ Kanta Prasad 
Trust' of the Allahabad University for grant of a scholarship which enabled 
him to undertake the present investigation. 
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STUDIES IN THE C0TARN1NE SERIES. PART IX. 
ATTEMPTS TO SYNTHESISE ALKALOIDS 
OF THE CRYPTOPINE TYPES. 

By B. B. Dry and (Miss) P. Lakshmi Kantam. 

The aim of the large variety of experiments which were undertaken 
under this caption was to effect the closure of a second froquinoline ring on 
to that of cotarnine thus producing the skeleton of the structure of the 
molecules of the protopine and berberine alkaloids. Some of the results 
are now recorded. It would be seen that although, as a rule, the reactions 
proceeded smoothly in the beginning, attempts at ring-closure at the final 
stage have hitherto been unsuccessful. 

Cotartine was condensed with o-toluoy! chloride (h.p. 2i3 # /76o mm.) 
to o-toluoylcotarninc, ni p. Q9-100 1 (I) which was obtained in excellent 
yield and which showed the presence of a free and reactive aldehyde group 
by the formation of a crystalline oxime (m.p. 170 ), semicarbazone (m.p. 
200') and hydrazone (m. p. 21 1'). 




Although, assuming structure (I) to be correct, the relative orientation 
of the methyf and the aldehyde groups would make the prospect of inter* 
action between them seem reasonably certain, our expectations were not 
realised and all attempts in the direction of closing the ring (II) ended 
in failures. Different condensing agents, e.g., dilute alkalis, sodium 
ethoxide, HC 1 gas, phosphorus pentachloride, phosphorus oxychloride, 
etc., were tried but they led in almost all cases to the recovery of unchanged 
materials at the end. Proceeding next with the assumption that rite methy l 
hydrogen atoms required to be activated, e.g., by the introduction of a 
halogen atom or a CN-group or a nitro-group, brumotoluoyl b romide, 
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»-cyan<>.^toluoyl chloride end £-nitro-o-toluoyl chloride (3-nitro*6- 
methylbenzoyl chloride) -were prepared, the first by the bromhxatton -of 
o-toluoyl chloride according to the process described by Davis and Perkin 
(/. Chem, Soc. 9 1922, 181 , 2202), the second from phthalide and potassium 
cyanide, and the third from f>-nitro-o-toluidine through the nitrile and the 
acid. The interaction of cotarnine with these compounds was tried under 
different conditions. The first two gave unstable oily products which 
were readily decomposed into cotarnine on attempting to condense 
them in the presence of alkalis or dehydrating agents. £-Nitro-o-toluoyl 
cotarnine was, however, obtained easily as crystals (m.p. ias°)» which 
formed a crystalline oxime and semicarbazone indicating the presence of 
a free aldehyde group, but all efforts to condense it to the desired ring 
structure proved fruitless. 

In further continuation of this work, it seemed desirable to investigate 
the possibility of closing a second tsoquinoline ring on to that of cotarnine 
by condensing the latter base with compounds containing a reactive methy- 
lene group, in the presence of acetic anhydride. Some of the experiments 
carried out with this end m view are described briefly in this paper, 
attempts being made to condense cotarnine with homo-phthalonitrile, 
phthalide, nitrophthalide, meconine and nitromeconine. Dutt and vSesha- 
charyulu (Proc. U . P. Acad . Sci., 1934, 1 , 159) have studied the con¬ 
densation of cotarnine with several compounds containing a reactive 
methylene group such as hippuric acid, benzyl cyanide, phthalide, etc., 
under similar conditions. On the assumption that in the presence of acetic 
anhydride, the secondary base gets instantly acetylated, thus preventing 
the imino-group from taking part in the condensation and leaving the 
aldehyde group alone free to react, as in a Claisen’s or a Knoevanegal’s 
reaction, the following constitution has been assigned to the condensation 
products :— 



CH 


9 



OMe CH:C R 


(IV)' 


The condensation of cotarnine with homo-phthalonitrile (V) in the 
presence of acetic anhydride gave a compound, m.p. 245*, insoluble in 
dilute acids and slowly dissolving in dilute sodium hydroxide. The results 
Qf analysis of this compound were found to be in agreement with those 



146 


B. B. DBY AND P. L. BANTAM 


required for the acetyl derivative of homo-phtholonitrile (VII) and not the 
expected "anhydroacetylcotamino-homo-pbthalonitrile” (VIII). 




(VIII) 

The identity of the compound formed in this reaction with (VII) was 
also proved by (*) hydrolysing it with dilute hydrochloric acid when homo- 
phthahc acid (m.p. i8o°) was obtained, and (ii) by synthesis from homo- 
phthalonitrile by the action of acetic anhydride (vide supra). 

5-Nitrophthalidc, on the other hand, was found to condense with 
cotarninc in the presence of acetic anhydride yielding the expected ‘anhy- 
droacetylcotarnino-5-nitrophthalide’ (IX) melting at 165°, insoluble in 
dilute acids and slowly dissolving in sodium hydroxide. 



II 

C — O 
CO 



(IX) 
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It was expected that the acid (X), obtained from the compound by treat¬ 
ment with hot alkali, should be capable of being deacetylated with dilute 
acids, thus making the closure of a second tsoquinoline ring possible : 




Deacetylation with warm dilute hydrochloric acid resulted in a clear solution 
from which on basification only cotarninc could be recovered. 

It has to be recorded here that all attempts to prepare 5-nitro-homo- 

phthalonitrile were unsuccessful. The nitrile could be prepared neither by 
fusing a mixture of 5-nitrophthalide and potassium cyanide as in the 
preparation of horao-phthalonitrile, nor by refluxing a mixture of 5-nitroph¬ 
thalide and alcoholic potassium cyanide ; complete decomposition took 
place in the former case, while in the latter the original product was 
recovered unchanged. 

It was further noted that the expected condensations could not 
he carried out either with phthalide or meconine by heating with 
acetic anhydride (Dutt and Seshacharyulu, loc . cit.). Prom phthalide 
was obained a compound (ra. p. 196-98°), slowly dissolving in sodium 

4 
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carbonate, which oo recrystaHiaation from alcohol, melted at aoi°, and 
waa identified aa anhydroecetykotaminoacetic add, m. p. 201 by a 
mixed melting point with an authentic specimen of the latter. It is to be 
observed that in these cases, no condensation took place, acetic anhydride 
reacting alone with cotarnine and yielding anhydroacetylcotarninoacebc 
add. Dutt’s conclusion, therefore, that the product with phthalide was 
anhydroacetylcotarninopbthalide could not be confirmed. 

Lastly attention was directed to the possibilities of synthesising 
compounds in which the reactive NHi-group would replace the methylene 
radicle, the subsequent reaction between the aldehyde and the amino 
groups being expected to result in the formation of cyclic structure resem¬ 
bling those of the protopine alkaloids but differing from the latter in 
having a nitrogen atom in place of methine group. Acetyl anthra- 
nilic add from the oxidation of aceto-o-toluidide and its chloride were 
first etnplojied for this purpose, but the chloride was found to decompose 
rather rapidly under the conditions necessary for a Schotten-Baumann 
reaction, and later methyl anthranilate was used instead* The condensa¬ 
tion of the latter with cotarnine proceeded smoothly, the product being 
anhydrocotarnine-methylanthranilate, m* p. 136 s , having the following 
probable staucture (XII) : 



l I 


(XII) 



The proximity of the secondary imino-group and the carbomethoxy 
group encourages the hope that the removal of a molecule of. methyl 
acetate by the action of such dehydrating agents as acetic anhydride, etc., 
would not present insuperable difficulties. Experiments which are being 
conducted in this field have not concluded yet. 
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Experimental. 

o-Toluoylcotamine (I).—Cotarnine was suspended in aN-sodium 
hydroxide, the required amount of freshly prepared o-toluoyl chloride was 
added and vigorously shaken when a thick oil resulted. The oil was wash* 
ed well with water containing a little hydrochloric acid and then rubbed 
with ligroin, when the unreacted toluoyl chloride was removed and the oil 
gradually solidified. Crystallisation from dilute alcohol (i : r) furnished 
a colourless solid, m.p. 99-100°, yield quantitative- (Pound : N, 3*7. 
C90H91O3N requires N, 3‘94 per cent). 

The Oxime, prepared in the usual way, crystallised in bunches of flat 
needles, m-p- 170°. It is readily soluble in dilute sodium hydroxide and is 
reprecipitated unchanged on acidification (Found : N, 7‘41. C.2OK22O0N9 
requires N, 7*56 per cent). 

The Semicarbazone crystallised in needles, m.p. aoo°, and the hydrazone 9 
in soft needles, m.p. 211 0 . 

p-Nitro-o-ioluoylcotarnine •—£-Nitro-0-tolunitrile (Bet., 1898, 81 , 2880) 
was obtained in long yellow felted needles, m.p. 105°, by diazotising a sus¬ 
pension of finely divided f-nitro-o-toluidine hydrochloride, decomposing 
with potassium cuprocyanide at 70° in the usual way and purifying the 
product by a process of slow sublimation, yield 3*5 g. of the pure crystals 
from 10 g. of the toluidine. p-N itro-o-toluic acid (colourless crystals, m.p. 
179 0 ) was obtained in quantitative yield by the hydrolysis of the nitrile 
with 50% sulphuric acid, and the chloride (colourless crystals, m.p. 59°) was 
paepared in the usual way by heating with thionyl chloride. 

Cotarnine (2 g.) was suspended in 2iV-sodium hydroxide, the required 
amount of £-nitro-o-toluoyl chloride dissolved in toluene was added and 
shaken well. After leaving for 30 minutes, the upper toluene layer was 
separated, washed once with water and allowed to evaporate spontaneously. 
The lesulting oil was washed with dilute hydrochloric. acid in 
order to remove any of the unreacted cotarnine and rubbed with rectified 
spirit, when it changed rapidly into a gritty solid. Crystallisation from 
dilute methyl alcohol gave beady crystals, m.p. 124-25'’. The compound is 
insoluble in dilute acids and alkali. (Found : C, 66*5 ; H, 5*2 ; N, 7 15. 
C20H20O7N3 requires C, 60 o j H, 5 ® i N, 7 o cent). 

The Semicarbazone, prepared by the usual method, crystallised in short 
yellow square Opiates, m.p. 219-20*. (Found : N, 15*21. CsiHs^OfNs 
requires N, 15*31 per cent). 
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The Oxime crystallised in beady crystals, ffl.p. 175° and the hydraeone 
formed thin square plates, m.p. 255°. 

The following attempts were made for ring-closure : (0) Sodium elho- 
xidt : The compound was dissolved in warm absolute alcohol, a few c.c. of 
sodium etboxide added and left overnight. (6) Piperidine : A few drops of 
piperidine were added to an alcoholic solution of the substance and kept for 
<4 hours at 40**50°. (c) Dry HC 1 gas : The alcoholic solution was satura¬ 
ted with the gas and left for 2 days, (d) Concentrated sulphuric acid : The 
substance was dissolved in ice-cold concentrated sulphuric acid, the solution 
left in the ice chamber for 12 hours and then poured into water, (e) Sodium 
hydroxide : x c.c. of dilute caustic soda was added to an alcoholic solution of 
the substance and left for 2 days. In all cases the original compounds were 
recovered unchanged. 

Action of Acetic Anhydride on Homo-Phthalonitrile (VII).—Homo- 
phthalouitrilc (1 g.) was heated under reflux with acetic anhydride (10 c.c.) 
for i hour. (hi cooling, crystalline solid separated, which was filtered, wash¬ 
ed well with water and crystallised from dilute alcohol as a crystalline solid, 
m.p. 245°. It is insoluble in dilute acids aud slowly dissolves in alkali 
and can not be reprecipitated from the alkaline solution. (Found : N, 6 'j. 
C| |H»OaN requires N, 6^9 per cent). 

Anhydroacetylcotamino-s-nitroplitltaiide (IX).—Cotarnine (1 g.), acetic 
anhydride (10 c.c.) and 5-nitrophthalide (0 89 g.) were refluxed for 1 hour 
and poured into water when a thick oil was obtained. It was washed well 
with water and crystallised from dilute alcohol in orange coloured needles, 
m.p. 165°. It is insoluble in dilute acids. (Found : N, 6 36. Ca*H so O«N s 
requires N, 6'36 per cent). 

Anhydrocotamino-methyl anthraniiate (XII).—Cotarnine (1 g.) was 
rubbed with methyl anthraniiate (0 64 g.) and left overnight. The hard, 
light yellow crystalline solid was washed and crystallised from boiling alco¬ 
hol as colourless crystals, m.p. 136'. It dissolves in cold dilute acids and 
is reprecipitated on basification. On treatment with acetic anhydride, it 
decomposes into cotarnine and the acetyl derivative of methyl anthraniiate. 
(Found : N, 7'3. Ct 0 H sl O A Nj requires N, 7 56 per cent). 
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photopolymerisation of formaldehyde to 

REDUCING SUGARS IN VITRO. 

By Atma Ram and N. R. Dhar. 

In publication from the laboratories, Dhar and collaborators (Dhar 
indSanyal, /. Phys. Client 1925,88, 926; Gopala Rao and Dhar, ibid., 
38 , 1418; Atma Ram and Dhar, ibid., 1932, 88, 575) have reported the 
polymerisation of formaldehyde to reducing sugars, when 2 % solutions of 
formaldehyde to sunlight in sealed glass bulbs for periods varying from 60 
to 120 hours in presence of photocatalysts like ferric chloride, chloro¬ 
phyll, methyl orange, nickel carbonate, zinc oxide, etc. The best results 
obtained so far are those with ferric chloride. It is interesting to note, 
however, that formaldehyde solutions when mixed with fluorescent subs¬ 
tances like safranin, cartharamin, rhodamin etc., are exposed to sunlight, 
do not form reducing sugars. Hence most of the experiments described 
here have been carried on with ferric chloride as a photocatalyst. In the 
present paper, a brief account of the results obtained is recorded. 


Experimental. 

Merck’s formaldehyde after distillation was used in these exi>crimcnts, 
since on keeping for a long time it passes into paraformaldehyde. Dilute 
solutions of formaldehyde with the requisite amount of ferric chloride were 
exposed to sunlight in thin layers in petri dishes covered with quartz covers 
for periods varying from 6 to 8 hours. 

When a mixture of formaldehyde and ferric chloride is exposed to light, 
they react with the result that ferric chloride is reduced to ferrous chloride. 
The presence of reducing sugars photosynthesised from formaldehyde was 
tested by Benedict’s solution, because Fehling’s solution is reduced by 
formaldehyde also. Since ferrous chloride reduces Benedict’s solution, it is 
necessary to remove ferrous chloride before testing the exposed solutions for 
reducing sugars. 

To the solution after exposure, an excess of ammonia was added to 
remove the ferrous and ferric salts as hydroxides. The filtrate which contains 
ammonium salts, urotropine and the synthesised sugars, if any, was concen¬ 
trated on a water-bath and evaporated to dryness. It was then extracted 
with methyl alcohol and the solution tested with Benedict's solution. If a 
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reduction was observed, the f>resence of reducing sugars was confirmed by 
Molisch’s test. The amount of sugars, if sufficient, was estimated by 
weighing the amount of copper oxide obtained after reduction. The extrac¬ 
ted solution was also tested for disaccharides by first hydrolysing with 
hydrochloric acid and then applying Benedict s test. The solution of ferric 
chloride should be prepared fresh and should not be acidic, but neutral as 
far as possible, since the presence of acids is detrimental to the polymeri¬ 
sation of formaldehyde to reducing sugars. 

From the researches of Dhar and Palit (]. Phys . Chcm 1925, 29 , 925 ; 
1928, 82 , 1262 ; 1930, 8i, 993) it is known that sugars are oxidised when 
their solutions are exi>osed to light and that ferric chloride acts as a good 
catalyst in these oxidation reactions. The photo-conversion of formaldehyde 
into 1 educing sugars isaslou process and it is likely that on prolonged expo¬ 
sure in presence of ferric chloride, the sugars synthesised may be partially 
photo-oxidised. In the following table some of these results are summarised. 


Taiii.k I. 

15 C.e. of 4% solution of formaldehyde exposed. Container—Petri 
dishes covered with quartz covers. 



System exposed. 

Amount of 

sugar as glucose 

in 100 c.c, 



7 hr. 

10 hr. 

15 hr. 

1 

Poriiiahlchvdc uith 2 i\r. of .\ /5-FeClj 

O , 0(H>7 

(VOOI 

0*0012 

2 . 

.. »* 3 e.c. 


(>•0012 

O'CIOU 

3 * 

M ,, 0*5 g of pure 





kieselguhr 

Nil 

Nil 

Nil 

•1. 

Kxp. Nu 3 \uth both kieselguhr and 





ferric chloride 

0*0013 

00017 

00<»2 


These results corrol)orate the previous claim established by us that 
formaldehyde can be readily converted into reducing sugars in presence of 
ferric chloride when exposed to light. Kieselguhr in presence of ferric 
chloride, when exposed ito light, appears to be a good surface catalyst and 
photo-sensitiser for this reaction. It will be interesting to note here that 
Baly (Faraday Soc. Diccussion on Photo processes, 1931, pp. 545) has prepared 
efficient photo-catalytic surfaces by depositing aluminium and ferric 
hydroxide on kieselguhr and obtained good yields of organic matter from 
carbon dioxide. 
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Temperature Coefficient of the Photo-formatUm of Sugars from 
Formaldehyde in vitro • 

In a previous communication (Atma Ram and Dhar f /« Phys. Chem.> 
1932, 86, 575) we have reported the temi>erature coefficient of the poly¬ 
merisation of formaldehyde into sugars in the presence of ferric chloride. 
Since a study of temperature coefficient of this reaction has an important 
bearing on all findings with regard to the mechanism of photosynthesis, 
these experiments have been extended. In actual practice, the same 
procedure as described t>efore was resorted to and the solutions were 
exposed in petri dishes kept at different temjwatures. In order that a 
sufficient amount of sugars may be synthesised and estimations be correct, 
the solutions were exposed in several petri dishes. 


Table II. 

System exposed—15 c.c. of 4% formaldehyde and 2 c.c. of N/5-FeCla. 
Container—Petri dishes covered v\ itli the quartz covers. 

Exp. No. 5—Blank (15 c.c. of formaldehyde with no ferric chloride). 

Wt. of sugar photosynthcsised in g./ioo c.r. Temperature coefficients, 

calc, as glucose. 



20* 

30 ° 

40* 

50* 

20-30* 

30-40* 

40-50* 

I. 

0*0006 

0*001 

0*001 

0*0008 

1*7 

1*0 

o*8 

2. 

0*0007 

0*0011 

0*001 

0*00085 

1*6 

0*9 

0*85 

3 . 

0*00075 

0*0012 

f*ooio4 

0*0009 

i*6 

0*9 

0*86 

4 - 

0*0006 

0*0009 

0*0009 

0*0008 

1*5 

1*0 

o*q 

5 - 

Nil 

Nil 

Nil 

Nil 

.. 

... 

... 


An examination of these results show s that the yield of sugars formed 
from formaldehyde begins to decrease or at least docs not increase above 
30°. It will be interesting to note here that the yield of formaldehyde 
obtained from the photochemical reduction of carlxmic acid in vitro also 
begins to decrease beyond 30°. 

D 1 s c u 8 s 1 o N. 

From an aocount of the results given in the preceding pages it will be 
?3$n that a solution of formaldehyde is not easily polymerised to sugars in 
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the absence of photocatalysts in sunlight, but in the presence of ferric 
chloride, reducing sugars arc obtained even after an exposure of 6 hours. 
The yield of formaldehyde pbotosynthesised from carbon dioxide and 
water is not as high as that of polymerised sugars from the farmer in 
presence of ferric chloride. It appears that the first stage in photosynthesis 
is more difficult to be accomplished than the second one. 

It seems that surfaces facilitate this photo-conversion of formaldehyde 
into reducing sugars, since in the presence of kieselguhr and ferric chloride, 
the yield of photosynthesised sugars is more than in the presence of ferric 
chloride alone. Recently Baly and collaborators ( Proc . Roy . Soc.> 1935, 
B117, 218) have succeeded in preparing photocatalytic surfaces, which 
have a marked photosyathetic activity by debiting freshly precipitated 
aluminium hydroxide, ferric and chromic hydroxides with small amounts 
of thorium hydroxide on finely powdered kieselguhr. That photosynthesis 
is essentially a heterogeneous photocatalytic reaction, appears to be 
supported by our cxi>criments. 

The effect of temperature on the photopolymerisation of formaldehyde 
into reducing sugars is in accordance with its effect upon the photochemical 
reduction of car!>on dioxide to formaldehyde and photosynthesis in vitro . 
The yield of reducing sugars is more at 30° than at 20°, whilst at 40°, the 
amount of sugars photosynthesised logins to show a tendency to decrease 
with the result that at 50 , the temi>erature coefficient becomes less than 
unity. The explanation of this observation api^ears to be the same as 
advanced by us in the case of photosynthesis of formaldehyde from carbon 
dioxide investigated in vitro. It is prohahle that at a higher temperature 
the actual amount of sugars photosynthesised may be more, but on account 
of their photo-oxidation, which is proceeding simultaneously, being more 
pronounced at higher temperatures, the actual yield determined is less; that 
is why a temt>erature coefficient less than unity has been observed. 

In this connection it will he interesting to note here that Baly has 
observed a decrease in the yield of organic matter photosynthesised from 
carbon dioxide beyond 30 r iM vitro\ also van Amstel (1916) obtained the 
value 1*25 for a io° rise of temperature between 24" and 36*5° in photo¬ 
synthesis with Flodeay and Sir J. C. Bose obtained the value i’22 for a io° 
rise between 20° and 30° in photosynthesis with Hydnlla. 

The authors are of opinion that a slow speed of the photo-canver 
sion of formaldehyde into reducing sugars investigated in vitro may be due- 
to the different nature of formaldehyde produced in the plants from that of 
the laboratory stuff. In the plants it may be in the activated state and be 
easily converted into sugars. Even in vitro when just formed it is in the 



PHOTOPOLYMERISATION OF FORMALDEHYDE 155 

active state and a part of it may be polymerised into sugars and another 
converted into the ordinary inactive variety. 

Baly and Barker have differentiated this form of formaldehyde from 
the ordinary one by assigning to it a different structural formula (HCOH). 
However, recently Baly has assumed the formation of activated formal¬ 
dehyde as the first product of carbon assimilation in viiro . It is difficult 
to state definitely whether formaldehyde itself i>olymerises into sugars or 
requires an extra amount of energy. However, the results recorded here 
show that ferric salts are efficient photocatalysts in accomplishing the second 
stage in photosynthesis. This may be one of the functions of iron salts 
present in the plant. 


Summary. 

1. Photo-conversion of solutions of formaldehyde (4%) into reducing 
sugars in the presence of ferric chloride has lieen observed, when the 
solutions are exposed to sunlight for about eight hours contained in 
petri dishes. 

2. Finely powdered kieselguhr appears to be a good surface catalyst 
for this reaction. 

3. The amount of reducing sugars photosynthesised is greater at 30* 
than that at 20°, and at 40 , there docs not appear to be any appreciable 
increase or decrease, whilst at 50 the yield decreases. 

4. The results on the temperature coefficient of the photoformation 
of sugars from formaldehyde in vitro appear to show that the effect of 
temperature on photosynthesis as investigated in vitro and in vivo is 
similar. 


Cbsmical Laboratories, 
Auaha8ad University 
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HAL0GENAT10N. PART XVII. BROMINATION 
AND IODINATION OF DIPHENYL. 

By PnutDEO Sahay Varma and M. Krishnamurti. 

Bromo and iodo derivatives of diphenyl have been obtained indirectly 
from benzidine and by the use of Ullmann’s reaction ( Anttalen, 1904, 882 , 
57). Bromo derivatives have been obtained by direct bromination also 
(Scholl and Neovius, Ber., 1911, 44 , 10). 4:4'-Diiododiphenyl has been 
obtained by the action of sulphur and iodine in presence of nitric acid 
(Wilgerodt and Hilgenbcrg, Ber., 1909, 42 , 3826). 

We have studied the action of bromine and iodine on diphenyl in 
presence of (a) fuming nitric acid, (b) fuming sulphuric acid or a mixture 
of both, (c) sodium nitrite and fuming sulphuric acid, and (d) a mixture of 
fuming nitric and nitrosulphonic acids. Under these conditions a smaller 
amount of bromine is required and even iodine acts directly. 4:4'-Dibromo- 
and 4*.4'-diiododiphenyl is obtained in good yield and 2:2'-dibromodiphenyl 
in small quantities as a bye-product 

Experimental 

4:4 '-Dibromodiphcnyl .—A solution of diphenyl (5 g.) in carbon tetra¬ 
chloride (15 c. c.), bromine (3 c.c.) and sodium nitrite (5 g.) were heated on 
a water-bath with a reflux condenser and fuming sulphuric acid (15 c c.) 
was added gradually to the mixture. The contents of the flask were heated 
for 3 hours and then allowed to stand overnight. The liquid portion was 
removed from the flask and washed free from acid and carbon tetrachloride 
distilled off. A residue was obtained (0*3 g.) which was found to be 2:2'- 
dihromodiphenyl, ra p. 81 °. 

The solid portion was washed free from acid and unused diphenyl was 
removed by washing with alcohol. It is crystallised from glacial acetic acid 
and is found 4 o be 4:4'-dibromodiphenyl (6*2 g.), m.p. 164°. 

4:4 f -Diiododiphenyl was obtained from diphenyl (5 g.) dissolved in 
acetic acid (15 c.c.), iodine (10 g.) and nitrosulphonic acid (5 c.c.), the last 
l)eing added from the top of the condenser drop by drop and the whole 
heated for about 2 horns on a water-bath. After being washed, dried and 
crystallised from glacial acetic acid it melted at 202°, yield 6*2g. 


Chemical Laboratories, 
Hindu University, 
Benares. 
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HALOGENATION. PART XVIII. HALOGENATIO >1 OF 
ETHYLBENZENE. 


By PhULDEO Sahay Varma, Vishwanath Sahay 
and B. Ram Subramonium. 

The halogenation of ethylbenzene has been studied before and according 
to the conditions of the experiments which are well known, nuclear or side- 
chain substitution products are obtained. 

We have studied the action of bromine and iodine on ethylbenzene in 
presence of fuming nitric acid, nitrosulphonic acid or their mixtures and 
have obtained both nuclear or side-chain derivatives. Ethylbenzene, when 
chlorinated in presence of iodine, yields 4-chloroethylbenzene in good yield. 
Using these methods of halogenation, we have obtained the following 
hitherto unknown halogen derivatives of ethylbenzene : 4-iodo-3*bromo- 
ethylbenzene, 4-chloro-3-bromoethylbenzene l and 4-chloro-i' (?)-bromo- 
ethylbenzene. 


Experimental. 

^-Chlorocthylbenzcnc .—Dry chlorine was passed for 3 hours through 
ethylbenzene (15 c.c.) in a flask, protected from light either by covering it 
thickly with soot or with black cloth, in presence of iodine (01 g.). The 
product was washed, dried over calcium chloride, filtered and distilled. A 
small quantity of unused ethylbenzene distilled over first and then a liquid 
(nc.c.) at 180-181°. It gives 011 oxidation with nitric acid 4*chloro- 
benzoic acid. 

I'-Bromoelhylbenzene .—Ethylbenzene (10 c.c.) was taken in a flask 
which was directly exposed to the sun and then nitrosulphonic acid mix¬ 
ture (about S drops) and afterwards bromine (2 c.c.) dissolved in acetic add 
(10 c.c.) were added drop by drop and the flask shaken vigorously after each 
addition. When the whole of the bromine solution was added, the flask was 
allowed to stand in sunlight for a further period of 1 hour after which it was 
heated on a water-bath for t hour more. The contents were washed with 
water, dried and distilled* Unused ethylbenzene (3 c.c.) first distilled over 
and then 4-bromoethylbenzene (a small quantity only) at 188-198°, leaving 
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behind a somewhat viscous liquid which decomposes on further heating. 
This fraction distills undecomposed at 94-95°/*o mm. It is found to be 
i'-bromoethy lbenzene, yield 4 g. 

4 •Btomoetkylbenzene and 2 : ^Dibromoeihy lbenzene. —The preceding 
experiment was repeated keeping the flask covered with black cloth instead 
of being exposed to the sun. The products were separated as described above 
and distilled at the ordinary pressure when 4-bromoethylbenzene (6 c.c.) 
distilled over. By brominating ethylbenzene (20 c.c.) with exeess of bromine 
(12 c.c.), a solid compound (8* 5 g.) was obtained which crystallises from 
alcohol in needles, m.p. 7072°. On oxidation this compound gives 2 : 4- 
dibromobenzoic acid, m.p. 167°. Hence the new compound is 2:4- 
dibromocthylbetizene. (Found : Br, 6o’i8. C 8 H 8 Br 8 requires Br, 60*58 per 
cent). It is sparingly soluble in rectified spirit, easily soluble in ether, 
carbon tetrachloride, benzene and chloroform. 

4- lodocthylbcnzcne .—Ethylbenzene (10 c.c.), iodine (10 g.) dissolved in 
acetic acid (20 c.c.) were heated with a reflux condenser on a water-bath and 
a mixture of fuming nitric and nitrosulphonic acid (6 c.c.) was gradually 
added. After heating for 4 hours, the reaction product was washed free 
from acid, dried and distilled at H2-ii3°/2o mm., yield 10 g. 

In this experiment in place of a mixture of fuming nitric and nitro¬ 
sulphonic acid, fuming nitric acid (3 c.c.) alone, or a mixture of fuming 
nitric and fuming sulphuric acid (3 c.c. each) or sodium nitrite (10 g.) and 
fuming sulphuric acid (10 c.c.) can also be employed. 

4- Iodo-ybromocthylbcnzi ru.—4-Iodoethylbenzene (5 c.c.), bromine 
(3*3 c.c.) and iodine (0*1 g ) were heated on a water-bath, when there was a 
brisk evolution of hydrogen bromide. When the reaction was over after 
3 or 4 hours, the contents of the flask were cooled, ^washed with water, 
sodium carbonate solution and finally again with water, dried and allowed to 
stand. Needle shaped crystals (3 4 g.) gradually separated out, m.p. 88-89°. 
It is soluble in alcohol, carbon tetrachloride, ether and chloroform. It gives 
on oxidation with chromic acid in acetic acid 4-iodo-3-bromobenzoic acid, 
m.p. 239-40°. Hodgson and Beard (/. Chan. Soc., 1927, 27) gives 242- 
43° as the melting point of this compound. [Found : Total halogen calc, 
as Br, 591 (by analysis of silver halides) ; Br, 25*9; I, 401. C 8 H a BrI 
requires total halogen, 59*6; Br, 257; I, 40*8 per cent 3 . 

4-Chlouhybromoethylbenzene .—4-Chloroethylbenzene (10 c.c.) was 
treated with a solution of bromine (4 c.c.) in acetic acid (10 c.c.) in presence 
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of a trace of iodine and heated on a water-bath for 5 hours. The products 
were then cooled and washed with 1% sodium carbonate, dried and distilled 
at 143-44®/xo mm. The liquid (5 c.c.), on oxidation with concentrated nitric 
acid gives 4-chloro-3-bromobenzoic acid, m.p. 213 0 . Cohen andRaper 
(J. Chem. Soc., 1904, 88,1269) gives 214 1 as the m.p. of this compound 
whereas Hodgson and Beard ( loc• cit .) gives 215-16°. (Found : Total 
halogen calc, as Cl, 37-0; Cl, 167; Br, 351. C 8 H 8 ClBr requires total 
halogen calc, as Cl, 37*3; Cl, 16-2 ; Br, 36^4 per cent). 

QrChloTo-i'-bromoethylbenzene.— 4-Chloroethylbenzene (10 c.c.) was 
treated with a solution of bromine (5 c c.) in chloroform (5 c.c.) in a silica 
flask and kept exposed to sunlight when a vigorous reaction set in with a 
considerable rise in temperature. When the action subsided, the products 
were washed, dried and distilled at i2o-2i°/8 mm. The liquid obtained 
(7 c.c.) gives on oxidation with concentrated nitric acid 4-chlorobcnzoic 
acid, m.p. 243°. It is sparingly soluble in rectified spirit, easily soluble in 
ether, chloroform and benzene. (Found : Total halogen calc, as Cl, 37 ' 1 ) 
Cl, 16-8; Br. 35-2. C 8 H 8 ClBr requires total halogen calc, as Cl, 37-3; Cl, 
16-2; Br, 36-4 per cent). 


Chkmical Laboratory, 
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INTERPRETATION OF ADHESION TENSION DATA* 

By K. S. Oururaja Doss. 

When the surface of a solid is in equilibrium with a liquid— Vapour inter¬ 
face making a finite contact angle with the solid surface, the toell knotofc 
Young s equation (Phil. Trans. 9 1805, 98 , 65) gives the relation. 

S10 — Si j 8=3 S02 cos #0 2 ••• (0 

# where S * Specific free energy of an interface. 

o « Vapour, 

1 = Solid. 

2 5=6 Organic liquid making an acute contact angle with the solid 

under investigation. 

* The other symbols used in this paper are :— 

3 = Water. 

4 = ()rganic liquid having a zero contact angle. 

10 Solid—vai>our interface. 

12 ■» Solid—organic liquid interface. 

13 « Solid—water interface, etc., etc. 

S X p = Specific free energy of xy interface (x or y may be o, 2, 3 or 4). 

0 X9 * The angle made by the interface xy with the solid, and 
measured from the interface towards the solid in the direction 
xy. 

Defining 0 ** as above avoids the confusion that arises otherwise (r/. 
Equations connecting A \% 9 / 1 13 and 0 23 , Bartell and OsterhofI, “Colloid 
Symposium Monograph ”, 1927, fi, 113; J. Phys . Chew., 1933, 87 . 548). 
Moreover it enables one to write down the equations for equilibria at other 
interfaces merely by symmetry. 

Freundlich ( M Colloid and Capillary Chemistry”, 1926^.157) calls 
S10 * Si*, the adhesion tension A, 9 of the liquid against the solid. Bartell 
and co-workers (Ind. Eng . Chcm . 9 1927, 19 , 1277; /• Phys. Chem 
193a, 8®, 1178; i934» 88, 495; 1935, 89 , n) have described several 
methods of determining the adhesion tension of liquids. They have further 
emphasised on the usefulness of these measurements in the determination 
of (a) the free energy of immersion of a solid in a liquid, (b) the adsorption 
at solid—liquid interfaces, and (c) the specific surface of adsorbents* The 


• The conjugated suffixes 0—4 denote the interface of different phases* 
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present paper deals with certain theoretical difficulties that arise in the 
interpretation of adhesion tension data. 

The Adhesion Tension of a Non-spreading liquid, i.e., one which 
makes a finite Contact angle with the Solid .—Harkins and Dahlstrom 
(Ind. Eng. Chem 1930, 22, 900) makes a careful distinction between 
what they call, the final free energy of immersion and the total free 
energy of immersion. The latter quantity is defined as the free energy 
change that accompanies the immersion of a unit surface of the dry 
9olid in the liquid. On the other hand, the final free energy of im¬ 
mersion represents the free energy change brought about by immersing 
a unit area of the solid surface in equilibrium with the saturated vapour 
of the liquid, into the liquid phase. Harkins has clearly shown that the 
adhesion tension of a non-spreading liquid is a measure of the final free 
energy of immersion. 

The Adhesion Tension of Water against a Solid which is com¬ 
pletely wetted by it, i.e., a Solid against which its Contact angle is zero .— 
For any liquid making a zero angle of contact with a solid, the adhesion 
tension as calculated from equation (i) becomes equal to the surface tension 
of the liquid; this result is as it ought to be since a solid in equilibrium with 
the vapour of such a liquid gets a continuous adsorption layer of the fluid; 
the solid surface thus covered with the adsorbed film behaves like the 
surface of the liquid for all practical purposes in accordance with Langmuir's 
principle of independent surface action (Chem. Rev., 1921, 6, 647). Thus 
the immersion of such a solid surface into the liquid involves the same free 
energy change as the immersion of an equivalent liquid surface. Bartell and 
co-workers have suggested that equation (i) should not be used to compute 
the adhesion tension of a spreading liquid. They arc of the opinion 
that the adhesion tension of water against a solid (with which it makes 
a zero angle of contact) is obtained by measuring 3 , the angle of contact 
made by the water—non-spreading organic liquid interface with the solid 
and calculating by means of the equation 

A\& (of Bartell)«^i2+523 cos ^2^ ... ( ii) 

The exact interpretation of A 1 of Bartell could be had thus : by the 
application of Yonng’s relation to the solid—organic liquid—water system wc 
get 

Si* — S*ia®S2s cos — ••• (in) 

S'n is the interfacial tension of the interface between the solid and 
and die organic liquid, 2, saturated with water and S' j % is that of the inter- 
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face between the solid and the water saturated with the non-spreading 
organic liquid. Combining equations (tit) and (t) we get 

A\s (of Bartell)*^i# + S , ii—S 'ib ••• fa>) 

We could put this equation in the form 

A i s (of Bartell) * A x * + (S'i 0 -S' x ,) - (S' 10 -S', 2 ) 

where S',o is the surface tension of the solid in equilibrium with the vapour 
of the saturated solution of water in the organic liquid. Thus the A \ 9 of 
liartell is equal to the final free energy of immersion of the solid in the 
anhydrous non-spreading organic liquid minus the final free energy of 
immersion of the solid in the nonspreading organic liquid saturated with 
wain plus the final free energy of immersion of the solid in water saturated 
with the organic liquid. Thus the quantity designated by Bartell as the 
adhesion tension of water is an extremely complicated quantity and does 
not appear to have the significance attached to it. 

The Adhesion Tension of a Spieading Organic Liquid against a 
Solid ; i.e., a Solid against which its Contact angle is zero .—Bartell 
suggests that A\ 4t the adhesion tension of a spreading organic liquid 
is to be got by determining the angle of contact made by the water- 
organic liquid interface with the solid and calculating by means of the 
equation 


A j4 (of Bartell) = A , (of Bartell) — S 4 3 cos 0 4 3 ... ( v ) 

Reasoning as before, the A , 4 of Bartell can be shown to be an extremely 
complicated quantity (since it can be expressed as the algebraic sum of eight 
free surface energy terms). 

The Explanation of the Observation of Bartell that “ The order of 
decrease of the free surface enngies when a polar solid ts wetted by each 
of a series of zero Contact angled Liquids is the same as the order of decrease 
in free surface energies which occurs when water is brought into contact 
with the same series of liquids*’ (Bartell and Hershberger, Ind. Eng . 
Chcm . 9 1930, 28 ,1304; Bartell and Osterhoffs, /. Phy*. Chem 1933, 87 ,548). 

Though the A 14 values of Bartell have a complicated significance as 
pointed out in the«last section, the values for any set of organic liquids 
exhibit a striking regularity. If one arranges the organic liquids in the 
order of increasing A 14 values, the same is found to be true of that of 
dereasingS 4 a values also. This interesting correlation can be explained 
thus. It is to be noted that it 14 values are obtained by means of equa- 
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tion (v). Since A 13 is a constant! the order of increasing A j 4 values ii 
same as the order of decreasing S 43 cos 0 4 3 values. The latter quantity 
is really the difference of the free energy of immersion of the solid (in 
equilibrium with water and the organic liquid vapours) against the water 
layer on the one hand and the organic liquid layer on the other. It is 
well known that liquids similar to water have small interfacial tensions 
against water, whereas others have high values. The lower the value of 
S43, the greater will be the similarity in properties of the water and the 
organic liquid layer and 0 4 3 would approch 90 0 and cause a decrease of 
values of cos 0 43 , since 0 43 is acute. The order of decrease of values of 
S43 for a series of liquids would thus be more or less the same as that 
for the values of cos 0 43 . Hence the values of S 4s cos 0 43 would also be 
of the same order. Therefore the order of increase of An values and that 
of increase of /I34 (or S 30 -S 43 ) values are one and the same. This is 
what is implied in the statement of Bartell. 

Calculation of Adsorption at Solid-liquid Interfaces from Adhesion 
tension Data. —In order to calculate adsorption at solid—liquid interfaces 
Bartell and co-workers (/. Amer. Client. Soc. t IQ33, 8fl, 466) upply Gibbs 
equation and derives the relation 


1 dA h 

RT dlnC 


... (vi) 


wher V is the Gibbs’ adsorption excess, and C is the concentration of the 
solute in the organic liquid. In deriving this they assume that 
^i4~Si 0 -Si4 which is obviously not true as shown in third section of the 
present paper. Thus the values of U do not represent adsorption at the 
solid—liquid interfaces. It is however found that the U values thus obtained 
exhibt an interesting correlation to the adsorption at a water—organic liquid 
interface; we shall proceed to explain why such a correlation obtains. Com¬ 
bining equations (v) and (vi) we get 

77__L_ d( S 4 3 cosfl 4 fl) 

RT dlnC 

Considerations similar to those discussed in the last section make it evident 
that the order of decrease of value of U as given by equation (vii) (for any 
series of liquids) ought to be the same as the order of decrease of the values 
of the expression 

— 1 dS+% 

RT dlnC * 


6 
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The letter expression is a measure of the adsorption at the water organic 
liquid interfaoe. This accounts for the observation of Bartell that “ The 
order of maximum adsorption of a given solute from a series of organic 
liquids was found to be the same whether silica or water was used as the 
adsorbent/* 

That adhesion tension data do not give an idea of the adsorption at the 
solid—liquid interface becomes evident when one considers the adsorption on 
silica from ethyl carbonate—benzene mixtures. Bartell’sdata on adhesion 
tension (Bartell and Fu, /. Phys. Client., 1929, 88, 1765) indicate that on 
silica, ethyl carbonate is selectively adsorbed over the entire range of 
concentrations. BartelFs own experiments with silica gel (/. A met. Chem. 
Soc., 1931, 88 , 2501) give as an S-shaped <r apparent adsorption ” concentra¬ 
tion curve. Apparent adsorption or selectivity, it is to be pointed out, 
corresponds to the Gibb's adsorption excess (Doss and Rao, /. Mysore 
Unix .» 1935* 8 , 54). Thus there is a disagreement in the adsorption values 
got from adhesion tension measurements and those got by direct experiments 
with the silica gel. This difference cannot be attributed to the fact that 
a plane surface is involved in one case, while capillary action is possible in 
the other. The effect of proximity of two adsorbing surfaces may now be 
considered. The closeness as obtained by a capillary of molecular dimen¬ 
sions may mean a greater specificity in adsorption so that in some favour¬ 
able cases, the finest pores of the adsorbent may be available for only one 
of the components in the binary mixture. The existence of the finest pores 
which are accessible to certain substances and not to others may be inferred 
from Patrick's data on internal gel volumes (Patrick and Opdycke, J. Phys . 
Chem. $ 1925, 89 , 601). Silica gel is found to take up more of water than 
of benzene or carbon tetrachloride. A few of the measurements made by 
Patrick have been rei»eated by the'present author. A sample of silica gel 
on being saturated by the dynamic method with each of the following liquids 
took 0*331 c.c. of water, 0*327 c.c. of ethyl alcohol, 0*306 c.c of benzene, 
ando*29Sc.ct of carbon tetrachloride per g. of gel. This aspect of 
the problem has been thoroughly investigated by Rao (/. Indian 
Chem . See-, 1935, 12 , 331, 340). Thus a certain amount of space available 
for water is totally inaccessible for benzene or carbon tetrachloride. Hence, 
the form of the apparent adsorption-concentration curve would depend 
upon the nature of the adsorbent. The gel used by Bartell (prepared from 
nickel silicate) which may be expected to have a large proportion erf the 
wider capillaries showed a lesser capacity for selection (t.e., gave 8-shaped 
curves), whereas the gel used by Jones and Outridge (/. Chem . Soc. t 1930, 
1574) and B.S. Rao. (/. Phys. Chem., 1932, 86, 616) which had a larger 
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proportion of finer capillaries showed a greater tendency for selective ad* 
sorption. Thus one would expect a plane surface of any solid to exert less 
selective action than a porous adsorbent. So, the disagreement between 
the adsorption values obtained from adhesion tension data and those by 
direct measurement with silica gel could be explained if the membrane used 
in the displacement pressure method consisted of finer pores. But as the 
radius of the pore in the membrane used by Bartell was of the order of 
10* 1 cm. one would expect a similar tendency for selective adsorption. 
Therefore, the discrepancy is probably not due to capillary action. 

In this connection Bartell and Fu (loc . rtf.) said " It should be remarked 
however that this is not a conclusive proof of the inapplicablity of the 
Gibbs' theorem as related to the solid—liquid iterface. It is well known 
that if a substance raises the surface tension of a solvent, the increase is 
usually very small. If a similar action appears at a solid—liquid interface, 
the effect of the component with lower adhesion tension may be small when 
compared with that of one having a higher adhesion tension. The method 
available at present for the measurement of adhesion tension may not be 
sufficiently accurate to detect the small increase of adhesion tension due to 
the addition of a second component (but this is not believed to be the 
case)". Bartell and Fu treat this anomaly l)y, what they call a “ thermody¬ 
namically identical process". It is evident that their procedure is not 
identical with that of Gibbs* since the conclusions in such a case would have 
been identical. Thus, their treatment is not rigorous. 

There are two other factors to be taken into account while calculating 
the adsorption from concentrated solutions by making use of Gibbs* equa- 
ation. First, the concentrations are not identical with activities at higher 
concentrations. Secondly, Barteli’s relation between Gibbs* adsorption 
excess and the actual concentration of the adsorbed component in the surface 
layer involves the assumption that the Gibbs’ dividing surface lies at the 
physical interface. But the simple Gibbs’ equation gives the r~2 m of 
Guggenheim and Adam ( Proc . Roy . Sec., 1933, A 189 , 228) in which case, 
the above condition is satisfied only in the region of dilute solutions At 
higher concentrations, the relationship between the Gibbs' adsorption excess 
and the actual concentration in the adsorption layer is not given by the 
formulation of Bartell. 

Calculation of the Specific Surface of Adsorbents .—Bartell and Bartell 
(/. Amer. Chem. Soc ., 1934, 88, 2205) have suggested a method of cal¬ 
culating the specific surface of porous adsorbents from data on adhesion 
tension and the heat of wetting. In the calculations they assume that 
the adhesion tension is a measure of the total free energy of immersion. 
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But this is not true as shown in the first three sections of the present 
paper. Moreover, the experimental results of Bartell and Almy 
(/. Phys. Chem 1932, 86, 985) show that the absolute values of heat of 
wetting calculated from adhesion tension data may differ from the actual 
values by over twenty per cent. Thus the method of calculating the 
specific surface does not appear to be quite sound. 

Value of Adhesion Tension data .—Whereas the correlation of funda¬ 
mental quantities such as adsorption and total free energy of immersion 
to adhesion tension data is beset with theoretical difficulties, the extensive 
work of Bartell seems to be of great value in getting at qualitative or 
semi-quantitative ideas regarding wetting phenomena. Bartell and 
Bartell's later paper ( loc . cit.) shows several new interesting relations 
between the experimentally determined quantities, the explanation of which 
may throw further light on the subject. 


Summary. 

It is shown that adhesion tension data of spreading liquids cannot give 
any definite information regarding (a) the total free energy of immersion 
of a solid in a liquid (6) adsorption at solid—liquid interface and cannot be 
used to calculate the specific surface of adsorbents. 

In conclusion, the author wishes to thank Professor B. Saujiva Rao for 
helpful criticisms. 


CENTKAl COU.KClt, 
Mysore Vsi\tnsit\\ 
IU VC ALONE- 
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STUDIES IN THE COAGULATION OF COLLOIDS. 
PART XVII. THE ANOMALOUS COAGULATIVE 
POWER OF AQUEOUS MERCURY CHLORIDE 

By Shridhar Sarvottam Joshi and K. Rama Das. 

The present problem arose out of certain unexpected results to be 
published shortly, on changes of viscosity and transparency observed in a 
number of colloids in the presence of some non-elcflrolyte$ . A considera¬ 
tion of its remarkably low electrolytic conductivity, both in the fused (Biitz, 
Z. Physik , 1926, 86, 36) and the dissolved state (Carnegie and Burt, 
Chem. News , 1897, 75 , 174; Biitz, Z. physikal. Chem 1902, 40 , 199) und 
its Raman effect (Krishnamurti, Indian J.Phys ., 1930, 5 , 651) and other 
properties make one regard mercuiy chloride as almost a non-electrolyte, 
behaving principally covalently. Its familiar use as an analytical reagent, 
as also its role in not a few inorganic reactions, however, suggests that the 
other and the opposite electrovalent aspect of its behaviour might not be 
negligible. It was considered to be of some interest, therefore, to inves¬ 
tigate if an examination of its coagulative power would throw some light 
on the above question. While a definitive decision does not seem permis¬ 
sible at the present stage, the results obtained supply information in a 
hitherto unexplored line and the complexity of the role of mercury chloride 
has been brought out; the latter was noticed in earlier work on the ano¬ 
malous changes of the viscosity and transparency in colloids in its presence 
(Joshi and Kulkarni. ]. Indian Chem Soc 1936, 13 , 439; Joshi and Menon, 
ibid., 1937, 14 , 103). 


K X P E R 1 M E N T A L. 

The coagulative powers have been examined in the case of eleven 
colloids in respect of mercury chloride, barium chloride and aluminium 
chloride. Most of the sols were prepared and their colloid contents 
determined as described in an earlier paper (Joshi and Jagannath 
Rao, J. Indian Chem. Soc., 1936, 13 , 217). The gold sol was prepared 
by adding 10 c.c. of 0*38% of gold chloride * solution to 200 c.c. of 
redistilled water in a Jena flask and made alkaline with 10 c.c. 
of o*a N- K s C 0 3 . The solution was next heated and when it came 
to boiling, 5 to 6 c.c. of 0*3% formalin were added drop by drop 
with continuous stirring. A clear transparent red sol was obtained : this 
was not dialysed (vide infra). A similar method was used to prepare colloidal 
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silver starting with silver nitrate (N/zoo), ammonia and formaldehyde. 
Fixed volumes (5 c.c.) of the colloid and each of the differently concentra¬ 
ted coagulator solutions were mixed. The reciprocal of C, the coagulator 
concentration expressed as millimols per litre required just to cause inci¬ 
pient flocculation, denotes the coagulator power. It is known that this quan¬ 
tity depends upon the manner of addition, stirring, etc., the temperature, 
concentration of the colloid and, therefore, it lacks an absolute value. For pur¬ 
poses of a comparative survey under a given set of conditions and using a 
fixed procedure, the coagulative powers, thus determined, were found to be 
sufficiently accurate and reproducible. These results for C, the precipitating 
concentration and c. p., the coagulative power are shown in Table I. 

Table I 


fiol. 

KC1 


IlaClf 


HgClj 


AlClj 



C. 

c.r. 

C 

C.l*. 

t. 

C.P. 

C. 

C.P. 

MnOj 

*47 

679 

0*3470 

4042 

0-4296 

2328 

0-8170 

1224*0 

AS3S3 

56*3 

17-8 

0*6400 

*5 6 3 

0 2484 

4026 

0-08525 

17300 



817 


iyx * 

03141 

3184 

0-1149 

8706*0 

An (on- 
dialysed 1 

l6‘8 

59*5 

0-2080 

4800 

0-4014 

2492 

— 

— 

SbA 

39*3 

33*5 

0-3730 

2689 

0-2970 

3367 

°' 2 333 

4286*0 

VfO, 

304 

4 9’1 

0*3710 

3687 

0-3956 

3528 

0*0924 

10820*0 

Ag (on- 
dialysed) 

8*8 

**37 

0*1780 

5 6 *5 

0-1561 

6409 



CoS 

33*3 

43’1 

0*7390 

*353 

0*5347 

1870 

0-3796 

2634 

Cu-ferro- 

eyanide 

li*i 

W4 

0-2520 

31/* 


1692 

0*1021 

979 ° 

Prussian 

blue 

135 

7*9* 

3 48 

287 

5‘°5* 

*08 

05129 

*95° 

CdS 

46*6 „ 

3*5 

0.4450 

2247 

0-2692 

37*5 

007635 



C«precipitating concentration in ni. mole*; C. P*-coagulative power. 


Discussion. 

It is seen from the foregoing results that, as is to be anticipated from 
general experience (and but partially indicated by the so-called Wetham s 
law for the relation bctweene.P., the coagulative power and the valency of the 
significant ion), there is on the whole a very rapid increase in c.P. according 
to the series, KC 1 <BaCl* < A 1 C 1 8 . The coagulative power c.P. for mercury 
chloride is seen to be almost as high as the bivalent barium km and in not a 
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few cases, distinctly greater. The present stage of development of the 
theory of the mechanism of the coagulative action does not allow of even 
a semiquantitative specification of c.p. in terms of known and simpler fac¬ 
tors. The well known Hardy-Schulze rule merely gives that the relative 
precipitating power of an ion increases with (a) valency and its (6) prefe¬ 
rential adsorption. The last quantity is almost entirely a specific property 
of a given colloid towards an added material. This is well illustrated by the 
wide variation in c.p* of any one of the four coagulants in respect of the 
colloids examined. Since neutralisation of the micellar charge represents 
not only the end but substantially the mechanism of coagulation, and since 
the colloids now studied were all negatively charged, the kation is the chief 
coagulant. In this connection it might be recorded that as indicated by the 
absence of change of viscosity and turbidity, positive ferric oxide sols failed 
to show any coagulation with aqueous HgCl a even at high concentrations. 
The additional determinants of the c.p., besides (a) and (b) mentioned 
above are : (c) the number of ions per unit volume. This is indicated by the 
corresponding electrical conductivity, which depends upon the degree of 
ionisation, ionic charge and the corresponding mobility (reduced viscosity of 
the medium would appear to favour coagulation usually, though not invari¬ 
ably, cf. Joshi and Iyengar, /. Indian Chcnt . Soc. t 1934, 11 , 570) ; (d) the 
state of the micellar, ionic and molecular surface hydration ; (e) reduction of 
the dielectric constant; (/) H-ion concentration of the system ; (g) capillary 
activity, which is a sensible influence only in hydrophyllic colloids ; ( h ) the 
concentration of the coagulating solution, the colloid strength, its age, tem¬ 
perature, mode of preparation and the mechanical treatment, etc. On gene¬ 
ral considerations it is seen that ( g) represents but minor factors, which 
affect only specially sensitive systems. From data in Table I, the c. p. for 
HgCl s appears to be about as high as the bivalent barium and in fact in 6 
out of the 11 colloids examined, distinctly greater. This eliminates (a) as 
a principal determinant of the relative c. p. for HgCl*. This also applies 
to (ft). For want of relevant data of a detailed character, no deduction can be 
made in regard to ( e ). Considerable amount of evidence exists however to show 
that changes in the dielectric constant, whose importance was first brought 
out by the pioneer work of Kruyt and van Duin ( Koll . Chcm. Beih., 1914, fl. 
269), especially of Wo. Ostwald (cf. Freundlich and Kona, Biochem . Z 
1917, 81 , 87), and in detail by Freundlich ("Colloid and Capillary Chemistry", 
p. 463), do not possess generality of application (Mukherjee, Chaudhary and 
Rai Choudhuri, /. Indian Chem. Soc. t 1927, i, 493 c t se< J> * 1 ®° Joshi and 
Lai, ibid., 1933, 10 , 247). In regard to (d) although mercury salts would 
appear to be singular in not forming hydrates, data are not available in the 
literature for inferring the possible effect of this tendency in inducing 



170 


8. 8. J08HI AND K. R. DAS 


coagulation. With respect to (/) Herstad (Koll. Chem. Beih., 1916, 8 , 399) 
has observed in a detailed study of the gold sol that the presence of H- 
ions inhibits appreciably the coagulative action of HgCl* to an extent 
dependent on its concentration. It is well known that HgClj hydrolyses 
sensibly in aqueous solutions (Ley» Z. physikal. Chem., 1899,80,226). 
Herstad Hoc. cit .) ascribes the c. P. of HgCl* chiefly to HgO produced by its 
hydrolysis. In fact, according to him the alkalinity of the medium is essen¬ 
tial for HgClft to act as a coagulant. It is interesting to add that during 
these experiments we found that the gold and silver sols prepared by the 
well known Zsigmondy method producing a small alkalinity could not be 
coagulated by HgClg, if dialysed. This result is in accord with the supposi¬ 
tion that the OH ; ions which are removed during dialysis are essential for 
coagulation by HgClj. We consider, however, that alkalinity as the source 
of the high e. i\ of HgCl 2 is not entirely satisfactory explanation of all the 
facts. For example, our results show that the c.p. of HgCl* is quite high, 
higher than BaCl 3 in such colloids as As a S.i, Sb 2 S 3 , CuS, CdS, which are 
not alkaline and, if at all, faintly acidic. Another fact which goes counter 
to the above supposition obtains in the case of colloid Mn()2, which con¬ 
tains traces of K( )H produced in its preparation. It is seen that the corres¬ 
ponding c. J\ for HgCli is distinctly less than BaClg, the contrary is to be 
exj>ected if alkalinity produces the high c.p- of HgCl 2 . 

The factor <b) is undoubtedly important. Hago Morawitz, (Koll. 
Chem. Beih. t 1910, 1 , 501) noted some parallelism between adsorptions on 
animal charcoal and colloid gold and that HgClj, is adsorbed notably 
heavily by the former. These findings, however suggestive, fail to cover 
many cases showing that c.p. and ionic adsorbability do not always vary 
concomitantly (Dhar and Oliosh, J. Phys. Chem., 1926, 80 , 628). In this 
connection it is interesting to point out that Chakravarty and Dhar (J. Phys. 
Chem ., 1927, 81 , 297) fouud that adsorption per g. of MnO* varied in 
the order, KC 1 > BaCl« > AlCl.*, which is just the reverse of the order for 
c.p. ( compare Weiser, J. Phys. Chem., 1919, 28 , 208). Work is in 
progress in these laboratories in order to obtain detailed results for the 
adsorptions of these coagulants by the above colloids, which will be pub¬ 
lished shortly. 

The above consideration of the various factors for the insufficiency, as a 
general explanation of the relatively high c.p. of HgClf, had tacitly assumed 
that HgCl« was classifiable with KCi, BaCI* and A 1 C 1 S ; this is far from being 
the case, since it is practically non-ionised. This is illustrated by the following 
values for the specific conductivity for 025JV solutions of HgCl 8 , KCI, BaCl* : 
0*0001649, 0*030698, 0*024358 mho respectively (as determined byMr. D. N. 
Solanki in these laboratories). Luther (Z. physikaL Chem., 1901, 88 , 401) 
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finds the following species in a saturated solution of HgClg at *5°, the con. 
centration being expressed in mols per litre : HgClg=o’a6; HgCl-o’ooois : 
H-0’00033 ; Cl'=o*ooo48 ; Hg"=io- R ; HgCl" 4 =5 x i 0 -°. It is evident 
therefore, that the amounts of the significant ionic and molecular material 
in the mixture are far too low to be an adequate source for the c.p. of HgClg, 
especially when it is noted that the corresponding solutions of KC 1 and 
BaClg due to their almost complete dissociation contain the relevant ions in 
comparatively very large amounts. The c.p. for a tri-or tetravalent kation 
is likely to be relatively very high, presumably much higher than A 1 C 1 » in 
the case of the latter. The presence of such ions is rendered likely by the 
claim of Bourion and Rouyer [Ann. chim., 1928,10,263) that aqueous 
HgClg contains products of the following equilibria : 

(HgCl.),*—* 3 (HgCl t ) and (HgCl 9 ) 8 ?=*2(HgCl a ). 

The value of this factor is discounted very appreciably since it is 
almost certain that the corresponding concentrations of these ionic 
polymers is extremely small. From a review of these facts taken together 
it can be concluded that the generality of the relatively high c.p. of 
HgClg, brought out by our results, can not be ascribed to one or a simple 
combination of any of the factors postulated in the current theories of the 
Coagulation phenomena, as discussed above, and be best treated as an open 
question requiring further examination from an experimental stand-point. 

Summary. 

r. Results are given for c.p. the relative coagulative powers of KC 1 , 
BaClg, HgClg and A 1 C 1 S towards negatively charged colloidal solutions of 
AsgS 3 , Fe 2 0 8 , Sb 2 S s , Vg0 9 , CuS, copper ferrocyanide, Prussian blue, CdS 
and MnOg, Au,Ag (the last three being undialysed and containing a small 
quantity of OH'). 

2. The c.p. for HgClg has been found to be about as high as BaClg 
and in 6 out of 11 cases, greater. 

3. Contrary to the conclusions of Hcrstad, alkalinity is not considered 
as fundamental to the large value of c.p. 

4. The possible influence of the valency, adsorption, H° ions, capil¬ 
lary activity, dielectric constant and especially of the available small katio- 
nic concentration are discussed and found to be insufficient for a general 
theoretical explanation. 

Chuocu. Lsboeaioriss, 

Binams Hindu University, Received January 30,1937- 
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A NOTE ON THE CONSTITUTION OF FORMIC ACID. 

By K. MadhuscdXan Pandai.ai. 

The question of the constitution of formic acid has attracted consider¬ 
able attention, chiefly because formic acid differs in some of its salient 
characteristics from the higher homologues in the fatty acid series The 
highly reducing projierty of formic acid usually attributed to the presence in 
it of an aldehyde group is one which stands out prominent in this connec¬ 
tion. Ray ( Nature, 1934, 183 , 646) concludes that the difference between 
formic acid and its higher homologues is due to the different structure of 
formic acid in which the hydrogen attached to the carbon is the ionisable 
atom and not the hydroxyl group as in the case of the higher fatty acids. 
He shows that the undissociated formic acid and its esters are not reducing 
agents and attributes the reduction to the formate ions as due to the presence 
of a “lone pair” of electrons in the carbon atom. Halasyam (/. Indian 
Che m. Soc., 1935, 12 , 813) quotes other evidence to support this view. 
This view, however, explains only the strikingly reducing property of the 
acid leaving unexplained some of the other exceptional properties of the 
acid, such as its highly acidic character and the absence of a formyl chloride 
or a formic anhydride „ 

From Raman spectra studies, Venkateswaran ( Pwc. Indian Acad. Sci., 
193 5 , 2A, 615) has obtained conclusive evidence for the presence of a "CH” 
group in the formic acid molecule and of a "CHO” group in the formate 
ion. This is in agreement with the view put forward by Seshadri (Venka¬ 
teswaran, loc. cit.) that the carboxyl group in the acid is linked to a 
hydrogen atom (aldehyde group), whereas in the homologues of formic acid 
the carboxyl is linked to the alkyl groups and that in the coutse of certain 
reactions, formic acid is capable of undergoing isomeric change to difagriroxy- 
mcthylene. 

The majority of evidence available from both the physical and chemical 
probities of the acid tends to confirm the view that there is in formic 
acid, a “CH” group. This note deals with a very striking piece of evidence 
in support of this latter view and is based on the well known biological 
reaction of formic acid studied in detail by Thunberg (Skand. Arch. 
Physiol., 1930, W, 1), and Quastel and Whetbam (Biocheni. J., 1925,18,520) 
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«nd Qitttfel (ibid., 1936, SO, 166). The last named has Shown thit the 
activation of formic acid is represented by the simple change. 


OH^ 

C-H 

o/ 


OHv 

OH' 


(I) 


(II) 


in which (I) is the ordinary (or inactive) form of formic acid, while (II) re¬ 
presents the activated form. In view of the presence of two hydroxyl gioups 
in the latter, formic acid should on activation act as a hydrogen donator. 
Quastel (et dl) have indeed shown that this is actually the case. Curiously 
enough formic acid is the most powerful hydrogen donator in the fatty 
acid series and with the exception of some of the sugars is the most active 
hydrogen donator yet investigated. It has absolutely no reducing power 
in vitro on methylene blue, even in strongly alkaline solution. Quastel 
further substantiates the above points by taking substituted formic acid 
and shows that if for “OH” in (I), a radical acting in the same sense 
c. g.—NH 2 or—CH.*, is substituted, the resulting compounds should also 
act as hydrogen donators. Thus the activation of acetaldehyde i9 
represented / 

j <c==* CHs—C —OH 

CH 3 —C=() * 

(III) (IV) 


where (IV) should have a powerful attraction for negative electricity. 
Ow'ing to the non-polar nature of the CH M -group, there should be an 
apparent diminution in the reducing power. It has thus been already shown 
that acetaldehyde is a hydrogen donator under suitable conditions (for 
example in the presence of Bacillus coli ). The same is the case with 
formamide in which the amino group is polar. 

Since formic acid has no action in vitro on methylene blue, it is clear 
that as a substrate it is in th$ inactive state when it does not act as hydro* 
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gin flohator and the fornmla (I), must eviden ly represent the ordinary (et 
inactive) molecule. 

It ia known that formic acid is strictly monobasic and it may be asked 
how the dibydroxymethylene structure, which the substance exhibits on 
activation (with its two equivalent hydrogen atoms) can satisfy the 
avowedly monobasic character of the acid. It must, however, be remembered 
that the carbon of the COOH in formic acid is attached to the hydrogen 
by one of its negative bonds and to the OH-group by a positive bond, 
which tends to weaken the whole molecule and incidentally the bond between 
the hydrogen and oxygen in the OH, thus making possible a greater amount 
of dissociation, whereas the carbon atom in the higher add is bound only 
by positive bonds with consequent greater stability and less dissociation. 
Thus the structure of formic and acetic acids may be written as 
follows. 


+ 

-() 

I! 

H—C—OH 


+ 

-() 

II 

H 3 C—C—OH 


There is, further, absolutely no evidence of the existence of an equili¬ 
brium mixture of the type, (I) < ^ (II), at any instance comparable to 

substances which exhibit tautomerism. 

It is well known that formic acid cannot lose carbon dioxide, while 
carbonic acid can. It will be observed in the formula given below that 
the COOH group in formic acid is negative and in carbonic acid positive. 


+ - +-+ 

If—C-O—H 
+ I + 

O 


+-++-+ 

H—()— C —O—H 
+ II + 

O 


In the former three of the valences of carbon are positive and the fourth 
negative, while in carbonic acid all four valences are positive. The 
reducing action of formic acid is thus easily explicable from considerations 
of its electronic structure. 
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All these foregoing considerations show that for formic acid to act as 
a hydrogen donator, it has to get activated or in other words it has to 
bring about a change in its electronic structure. This occurs when the 
aldehyde structure of the ordinary acid assumes a dihydroxymethylene 
structure. Thus the already well known biological property of formic 
acid, which can be interpreted according to Quastel Hoc. cit.) as due to a 
change in the electronic structure of the compound shows that, formic 
acid has in it a "CH” group when in the normal state changing to a 
dihydroxymethylene structure on activation. It is thus clear that the 
ionisable hydrogen is definitely the one attached to the hydroxyl group of 
formic acid just as in the case of the higher fatty acids and not the one 
attached to the carbon atom, and the old idea of attributing the exceptional 
properties of formic acid to the existence in it of an aldehyde group should 
be retained. 

Department ok Biochemistry, 

Inman Institute or Science, Received Dccctnhct 25, njj6. 
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AN X-RAY INVESTIGATION OF THE CRYSTALS fif 
DIPHENYLENE DISULPHIDE (THIANTHRENE* 

AND DIPHENYL DISULPHIDE. 

By Mata Prasad, Jagdish Shankkr and B. H. Pbkrmohamsd. 

The structure of several crystals of the aromatic compounds contain¬ 
ing more than one benzene ring-has been recently completely determined 
and the interatomic distances in many cases are now uniquely known. These 
substances may broadly be classed into two groups, one in which the rings 
are fused along a side and the other in which they are either joined end 
to end or joined through atoms or groups. Of the former the crystal of an¬ 
thracene {Indian ]. Phys., 1930, *, 557 ; Proc. Roy. Soc , 1933, A 110 , 79) 
affords an important example, while the crystals of diphenyl and dibenzyl 
series (Dhar, Indian J. Phys., 1932, 7 , 43 ; Picket, Proc. Roy, Soc., 
1934, A 1 * 2 , 333 » Nature, 1933, 181 , 153 ; Robertson, Proc. Roy. Soc., 
1934, A 1 * 6 , 473 ; and Robertson, Prasad and Woodward, ibid., 1935, 
A 161 ,187) belong to the latter type. 

A study of the crystals of thianthrene and diphenyl disulphide was 
taken up with a view to find out if any relationship exists betw r een these 
on the one hand and anthracene, and stilbene and azobenzene, respectively, 
on the other. In the present investigation only the space groups have 
been determined by the rotating and oscillating single crystal method using 
a monochromatic X-ray beam (A.=i’54 A). 


Thianthrene. 

Pure thianthrene* was further purified by recrystallisation from carbon 
disulphide from which well developed crystals were obtained by slow 
evaporation. When viewed through transmited light, the crystals as well 
as the solution show a band of beautiful colours indicating their large 
dispersive power. The melting point of the crystals was found to be 
154" and the specific gravity, determined by the flotation method, 1*442. 
The crystals belong to the monoclinic prismatic class and the a {100}, 
c{ooi} and r {101} faces are the predominant ones. The axial ratio 
determined by crystallographers is 

a: b : c : : 3*7941:1: 1*1807, £=105*48' (Groth, “Chemische Krystalo- 
graphie", V, p. 34 >>. 

*" Thiantherena waa kindly prepared for oor nee by Prof. P. C. Gnha of the Indian 
Institute of Science, Bangalore, to whom oor beat thank* are doe, 
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Photographs.—The rotation photographs about a, b, and c-axis (Plates 
I, II, III) and several oscillation photographs at suitable intervals about 
each of the three axes, were taken. The dimensions of the unit cell are 

3*3!, b—6141, c*»i4 5aA,/9« 105*51', 
and the axial ratio is 

a: b ; c : : 3^93 : 1 : (txi'i 82) 

which agrees with Groth’s except that c/b is doubled- The angle P was 
directly measured from a number of crystals on all of which the (001) 
and the (100) faces were very well developed, and was found to be 03= 
105*51) the same as given by Groth. 

The spots appearing on various oscillation photographs were indexed 
by the use of Bernal's chart. Tables I and II give the list of planes 
identified together with an approximate idea of their intensity for which 
the usual notations have been used. 


Table 1 . 

Prism planet 

Axial planes. 



(hoi) 

(hoi) 

(okl) 

(hko) 

00a v.s. 

303 8. 

2Q3 m.8. 

Oil v.s. 

2IO S. 

004 *< 

304 m. 

304 W. 

013 s. 

220 m.a. 

006 m.a. 

305 w. 

— 

014 8. 

230 w.m* 

008 m. 

306 w. 

306 w. 

015 m.8. 

320 m. 

oao w.m. 

307 v.w. 

- 

016 w.m. 

330 m. 

400 V.h. 

— 

401 m.a. 

032 w.m. 

410 w.m. 

800 w. • 

403 a. 

— 

023 w.m. 

430 w.m. 

(10)00 w.m. 

404 w.m. 

404 ni* 

034 w.m. 

510 m.a. 

(ia)oo w. 

406 m. 

406 w.m. 

035 w. 

530 wan. 


6ot w. 

601 •. 

036 w. 

530 WJD. 
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Table I. (contd.). 
Prism 

Planes. 





(hoi) 

(hoi) 

'okl) 

(hkn) 

6oa w. 

602 w.m. 

031 w.m. 

610 8, 

604 w. 

604 m.s. 

032 w.m. 

620 w.m. 

605 w.m. 

— 

033 m.s 

720 w. 

606 w.m. 

— 

034 m. 

730 w.m. 

— 

801 w. 


8x0 w.m. 

802 w.m. 

802 w.m. 


820 w.m. 

804 w.m. 

804 w.m. 


9x0 w.m. 

— 

806 wan. 


(10)10 w.m* 

— 

807 w. 


(10)20 w. 

— 

808 w.m. 



(10)02 w.m. 

(10)02 w. 



— 

(10)04 w. 



— 

(10)05 v.w. 



— 

(10)06 m.s. 



— 

(12)04 w. 




Table n. 



General planes. 



Ill 8. Ill V.8. 21J W 

215 w.m. 

* — 

324 w.m. 

X*3 §. 1x3 •• w 

218 w* 

325 w.m. 

325 w.m, 

— 124 w. — 

227 m. 

33X w«m. 

33! w. 

1x5 m.§. XX5 m.8. 221 8# 

22 X m 3 . 

33a w. 

332 w.m, 

xx6 w.m. ixS wjn. 222 m 3 . aa 3 m. 

— 

433 w* 
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Tabuc II. (con Id.). 


— 

- 





I 2 JW.JJJ. 

122w.n1. 

22^W. 

— 

412*. 

4128 . 

123 W.m. 

123W. 

227V.W. 

- 

413W. 

— 

xa4w.m. 

124W. 

23im. * f 

•31w.n1. 

414*. 

4 I 4 w'. 

125W. 

12 JW. 

232W. 

2J*W. 

— 

4 I 5 W. 

ij6w. 

. < * 

126W. 

233w.ni. 

233 W.IIU 

416w.n1. 

416W. 

127 V.W. 

— 

234 m. 

234m.fi. 

— 

4i8w.m. 

13lw.tn. 

131w.n1. 

311S. 

31im.fi. 

42im.s. 

— 

132ft.n1. 

232w.n1. 

3I2W. 

— 

422a1.fi. 

422m.fi. 

UJin- 

133w.n1. 

3 I 3 W- 

3I3W.ni. 

— 

423w.n1. 

134m. 

134m. 

325w.n1. 

315" m. 

424w.n1. 

424W .ni. 

2 I 2 V.#. 

212fi. 

317w.n1. 

317m. 

425fc.n1. 

425w.n1. 

21314 . 

2131*. 

— 

322m 

431w.n1. 

431’w.m. 

214m.S. 

214tn.h. 

323111. 

323m.fi. 

432W. 

— 

— 

433 *. 

— 

6i8v.w. 

— 

821V.W. 

434 WS- 

434 m. 

621W ni. 

— 

822W. 

822W. 

JIX§. 

5i1v.fi. 

622w.n1. 

622w.n1. 

— 

825W .m. 

512m. 

— 

623 w. 

— 

— 

826w.m. 

J13W.m. 

ji3w.m. 

625m,s. 

625m. 

911n1.fi. 

guni.s. 

515 m. 

515n1.fi. 

626W. 

626w.n1. 

912w.n1. 

912m. 

— 

517m. 

631W . 111 . 

631W .111. 

913m. 

913m. 

521w.n1. 

521m. 

633* • 

633w.n1. 

— 

915W. 

j22w.n1. 

522m, 

711w.n1 

7iiw .m 

921W 

921w.n1. 

323m. 

523m. 

713w.n1. 

713w.n1. 

— 

922w.n1. 

525w.n1. 

. 535m. 

715w.n1. 

715w.n1. 

925w.n1. 

925m. 

— 

526m. 

— 

717w.n1. 

— 

(lo)nw.m. 

531m. 

— 

72iw.m. 

72iw.m. 

(xo)i2w.m. 

(10)1 2W. 

— 

332w.au 

722 W. 

722w.n1. 

— 

(io)i4w.m. 

jjjwjn. 


723m. 

723m.fi. 

(xo)22W.m. 

(lo) 22 W. 

SMWJtt. 

534 m* 

. 735 m. 

7 a 5 m, 

— 

(lO) 23 W. 


612m.fi. 

— 

726W. 

(zo) 24 W. 

(io)24w.m. 

614w.n1. 

6x4 v.w. 

8xxw.m. 

8iim.s. 

— 

(20)26%*., 
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rx7tn.fi. 

117w.n1. 

224w.n1. 

224W. 

— 

' 334W- 

isiiv.8. 

131$. 

— 

325V. 

326V.W. 

— 

615w.n1. 

— 

812w.n1. 

fil2V\ .ip. 

(zi)nw.m. 

(ll)llW. 

6i6v.w. 


— 

8 l3m. 

— 

<ii)i«w. 

- 

617w.n1. 

- 

8i5w.ni. 

* — 

Ur)i3w.m. 

— 

(if) 15V.W. 

— 

(II>24VS. 

— 

{12113W. 

(n)2iw. 

— 

— 

(n)25W.m. 

— 


— 

(11) 22 w. 

— 

(12)iins nr 

— 

(i3)i3'v.ni. 

— 

(11) 23W. 

r— 

(l2)l2W. 




The above tables show that (hoi) planes are halved when h is odd and 
(oio) is also halved. These halvings correspond to the space group 
C§ h (P2i>») with Pin Bravais lattice (Astbury and Yardly. Phil. Trans., 
1924, A 224 , 230). The maxinmm number of asymmetric units required to 
complete the symmetry of this group is four. The number of molecules 
(mol. vvt. 216) calculated from the observed data is eight (accurately 8*04). 

The chemical molecule of thianthrene is represented as in (I). This 
representation resembles that of anthracene (II) in all respects excepting 
that the two carbon atoms in positions 9 and 10 in (II) are replaced by 
S atoms. 



(I) (II) 

In the case of anthracene which also belongs to the space group 
Bragg ( Proc . Phys. Soc., 1922; 84 , 33) has found that the calculated 1 nfimber 
of molecules per unit cell is only two, thus showing that the molecules are 
centfo-symmetric&l. In thianthrene, however, the results show that the 
number .of molecules is double the number required by the unit cell. Such 
a result can only be explained by the assumption that two chemical mole- 
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cities of thianthrene polymerise* to form an asymmetric unit of the ele¬ 
mentary cell* The result appears surprising indeed looking to the high 
symmetry apparently exhibited by the chemical representation of the mole 
cute- Cases of polymerisation taking place in the crystal unit, though rare, 
have been discovered by various workers from the results of X-ray analysis. 
Amongst the earliest examples, mention may be made of the results on 
pbenylenediamines studied by Caspari (Phil Mag-, 1927, 1,1276). Tri- 
phenylmethane studied by Prasad, deSousa and Jagdish (/. Univ. Bombay , 
1936* ®» 109) is another example of a similar nature. K. Baneriee has 
recently reported more such examples both in organic and inorganic corn* 
pounds (Proc. Indian Science Congress, 1937). 


Diphenyl Disulphide. 

Eastman and Kodak’s diphenyl disulphide was purified by recrystalli- 
sation from amyl acetate. The pure substance melted at 61 0 and the 
sfiecific gravity was found to be 1339. Well developed crystals were 
obtained by slow evaporation of a solution of the substance in acetone. The 
following table gives the interfacial angles. 

Table III. 


Interfacial angles of diphenyl disulphide. 


Paces. 

Ciroth’s 

values 

Authors’ 

values 



Calc. 

Ob*. 

Calc. 

Obs. 

(no) 

: (no) 

68* 36' 

— 

68* 42' 

68*40' 

(aio) 

: (aio) 

— 

*37* 40 # 

37* 43' 

— 

(330): 

(010) 

44* 

♦4440' 

44* 1/ 

— 

(101) 

: (100) 

— 

+ 53* So' 

55* 9' 

— 

(101) : 

: (aio) 

5^* 3’ 

55* 47* 

57* 

— 

(101): 

•(loll 

73* 30* 

— 

69* 4*' 

70* 10* 

(on) : 

(010) 

63* 3°’ 

64* 8* 

64*33' 

— 

(o»i): 

(on) . 

53* 0' 

— 

50* 54' 

53* o' 


• It may be mentioned here that cat *s of polymerisation known in organic chemistry 
are fundamentally different from the one dealt with here For example, acetaldehyde 
(CHjjCHO) polymerize* to give paraldehyde, (CHjCHOlj, which has chemical and physical 
properties entirely different from the parent substance. 

t The plane (230) given here is (340' mentioned by Groth iloc. eft.). TMa seems 
lobe a misprint or an error. 
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The crystals belong to the orthorhombic system and the axial ratio is 
« : b : c » 0-6821 : 1 : 0-4987 (Groth, loc. cit., p. 33). 
Photographs .—The rotation photographs taken about the three crystal¬ 
lographic axes (Plates IV, V and VI) give the following dimensions of 
the unit cell 

a = 8-i!, b = 23-70! c • 5-64! 
and the axial ratio is 


a : b : c ■» 0*3418 : 1 : 0*2380. 

It will be seen that the b-axis is doubled in this case (c/. Groth, loc. cit.). 
The ratio b : c obtained by the authors is slightly lower than that expected 
from Groth’s value- However, Table III shows that the observed angles are 
in better agreement with those calculated from author’s ratio. Tables IV 
and V give the list of planes identified on the oscillation photographs about 
the three crystallographic axes. 


Table IV. 


Axial planes. 


Prism 

p 1 a n e 8. 



(okl). 

(hoi). 

(hko). 


002 m. 

on m.s. 

101 m.s. 

no v.s. 

2(11)0 v.w. 

020 m.s. 

012 ra. 

102 tn. 

120 m. 

2(12)0 v.w. 

040 -W.ttl. 

021 s. 

201 m.s. 

130 m. 

310 m. 

060 v.s. 

023 w. 

202 m.s. 

140 m. 

320 in. 

080 - m*s. 

031 s. 

301 m. 

150 w. 

330 w. 

0(12)0 m. 

032 w.tn.. 

302 v.w. 

160 m. 

340 w.m. 

200 s. 

041 m. 

401 w. 

170 m. 

350 m. 

400 in. 

042 w. 

... 

x8o v.w. 

360 w.m. 


043 w. 


190 m. 

370 m. 

... 

051 m. 

... 

x(xo)o w. 

380 w. 

• •• 

052 w.m. 

• M 

x(xx)o w.m. 

3(xo)o w. 

... 

061 m. 


x (12)0 w.m. 

4x0 w.m. 

• •• 

062 w.m. 


210 m. 

420 ra. 


063 w. 

M* 

220 m.s. 

430 w.m. 


071 m. 

Ml 

230 in. 

44P w. 

• mm 

072 w.m. 


, 240 m. 

450 m. 


081 m. 

• •• 

250 v.w. 

460 m. 

... 

091 w.m. 


260 m. 

470 w. 


092 v.w. 

Ml 

270 w. 

... 


0(10)1 w. 


280 w. 

... 

• •• 

0(11) 1 w. 

... 

... 

... 


0(12)1 w. 

... 

•r 

•f 
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Ill 8. 

171 m* 

Tabcs V. 

General planes ■ 

242 w. 

3j*w,a»l 

112 m.ft. 

172 w.m. 

251 m. 

341 w. 

1x3 w.m. 

i8x m. 

252 w.m. 

342 w.tti. 

121 m.A. 

*182 w.m. 

261 m. 

35* "• 

<22 W. . 

191 w.m. 

26a w. 

352^- 

123 

192 w. 

271 w.m. 

361 m. 

131 m. 

1 (10) 1 w. 

281 w.m. 

362 w. 

132 w.tn. 

1(10)2 w.m. 

291 w. 

37<w. 

131 w. 

i(ii)i w. 

292 v.w. 

381 w. 

141 w.m. 

1(12)1 w.m. 

2(10)1 V.W'. 

391 v.w. 

142 m.h 

211 ms. 

2(11)1 w.m. 

411 w. 

M 3 w 

212 w. 

2(12)1 v.w. 

421 w.m. 

151 ftl.fc. 

221 Ill.S 

311 m. 

43i w 

152 w ni. 

222 m. 

312 w. 

441 w. 

153 v.w. 

23T m.s 

321 m. 

45 i w. 

161 m.ft 

232 m.s. 

322 w\m. 

461 w. 

162 w. 

241 w. 

331 m.B. 

••• 


Prom the above list of planes, it will be seen that planes (hoo), (oko), 
or (ool) are halved when h, k or 1 are, respectively, odd. The crystals, 
therefore, belong to the rhombic bisphenoidal class and to the space group 
Q* with ro Bravais lattice. The number of molecules calculated from the 
dimensions of the cell and specific gravity of crystals is four (accurately 4*005) 
which is the same as the maximum number of asymmetric units required to 
complete the symmetry of the space group Q*. Thus it would <K T n ' that the 
molecules are asymmetric. 
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The chemical molecule of diphenyl disulphide is represented as in (III). 
From this representation the molecule appears to be similar to those of 
dibenzyl series (IV-—'VI). 

o—o o-c H -c-o 

H H 

(III) Diphenvl disulphide. (IV) Hibenzyl. 

0---0 o—o 

(V) Stilbene (VI) Azobenzcne. 

Now, in the case of dibenzyl, Dhar (loc. cit.) has shown that the number of 
molecules is half the number of asymmetric units required by the space group. 
This is indicative of a centre of symmetry in dibenzyl. In the case of stilbene 
and azobenzene also Robertson, Prasad and Woodward [loc. cit.) have 
shown that the molecules are centro-symmetrical although the calculated 
numher of molecules is the same as the number required to complete the 
symmetry of the cell. 

From this it appears that the possibility of molecules of diphenyl 
disulphide possessing a centre of symmetry is not entirely to be excluded. 

Chemical Laboratories, . _ . 

Royal Inwotui* or Seism*, Received February 27,19,37. 

Bombay. 



PROPERTIES OF ACTIVATED SUGAR CHARCOAL 
COATED WITH VARIOUS ORGANIC SUBS- 
TANCES. PART II. ADSORPTION OF ACIDS. 

By Harsndra Kumar Acharya. 

In a previous paper (Acharya, J Indian Chem. Soc., 1936, 18 , 723) a 
method has been described of depositing acidic and alkaline coats on 
the surface of activated sugar charcoal. The relation between such 
coats and the adsorption of acids has been investigated in the present 
paper. 

It appears that centres with basic or acidic properties should adsorb 
respectively acids or bases. The adsorption of benzoic acid by activated 
sugar charcoal, was chosen as an index to changes in the acid adsorbing 
properties. It appears that a distinction should be made between a direct 
adsorption of acids or bases by carbon atoms on the surface, and an indirect 
or secondary adsorption through the already adsorbed basic or acidic 
molecules or groups respectively which are present on the surface. 

In discussing the results obtained in this paper it is necessary to obtain 
some estimate of the specific surface (i. r., area of surface per gram) of the 
charcoal. The estimates of different authors vary widely from 0*9 to. 1000 
sq. metres (Lamb, Wilson and Chaney, Ind. Eng. Chem., 1919, 11, 
420; Williams, Proc. Roy. Soc., 1919, A 96 , 287 ; Lowry and Hulett, J. 
Amer. Chem. Soc., 1920, 42 , 1393; Ruff, Ebert and Luft, Z. ar$org . 
Chem., 1928, 170 . 49; Marshall and Bramston-Cook, /. Amer . Chem. Soc., 
1929, 81 , 2019). The specific surface is generally calculated from the 
adsorption isotherms of suitable substances. The value thus obtained 
depends, however, on the choice of the adsorbates. Thus Paneth and Radu 
(Bet., 1924, 87 B, 1221) found that areas per g. of a sample of charcoal 
range from,46*2—268 sq. metres for different absorbates. The estimations 
of Lowry (/. Phys. Chem., 1930, 84 , 63), according to which the surface of 
23 samples of charcoal ranged from 0*9—32*2 sq. metres, will be used for the 
discussion of the results given in this paper. 


EXPERIMENTAL. 

The sugar charcoal used in the following experiments was obtained by 
activating pure sugar charcoal at 8oo° for six hours in air at a pressure of 
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i mm. The jesolting charcoal had a small'negative charge in contact, with, 
water. The coatings were produced as follows: 

5 G. of the charcoal were kept for 34 hours in contact with 10 c.c. 
of an alcoholic solution containing a definite amount of the organic 
substance. The alcohol was next evaporated and the charcoal dried in a 
silica crucible on a water-bath. 

For the adsorption experiments, 50 c. c. of the acid solutious and 0*5 
g. of the charcoal were used in each case. After 24 hours the superna¬ 
tant liquids were separated by a powerful centrifuge and titrated against 
standard solutions of baryta using phenolphthalein as the indicator. 


Table 1 . 


Adsorption of benzoic acid. 


Amount of the Concentration 

of the acid 

Amount adsorbed 

substance per 
g. of charcoal. 

Initial. 

End. 

(m. equiv. per g. 
of charcoal)* 

Original activated 

0*02 N 

0*01476 N 

0.524 

charcoal, ( cf . curve i) 


0*0125 

000745 

' 01505 ' 1 

Pi \ ' 


ooz 

0*00520 

0*480 


0-0075 

000515 

°*435 


0*005 

0*00137 

0*363 

o*ox G. of a-naphthyl- 

0*02 

0*00761 

1*339 

amine ( cf . CtUVe 2) 


0*0125 

0*00394 

O*850 


0*01 

0*00275 

0*725 


0*0075 

0*00x54 

0*596 


0*005 

0*00068 

0*433 

o*oz G. of dipbenylamine 

0*02 

0*00845 

1*155 

[ cf . cum 3) 


0*0x25 

0 00474 ‘ 

0*770 


o*ox 

0*00347 

0*653 


0*0075 

0*00221 

0*529 


0*005 

0*00X20 

0*390 



m 

fc K. 

aghabyA 


Awvmnt afrfha Coaces tratioa of tbe acid 

Amount absorbed 

pw 

g. of cbarcoaL 

MtfcL 

Esd. 

(m. eqslv. per g. 
of charcoal)* 

•‘oilh. Of baric add 

0*03 

0*01550 

0*470 

(cf carve 4) 

0*0125 

00*11 

o *395 

• 

0*01 

000650 * 

0*370 


0*0075 

0 00402 

0*348 


0*005 

000179 


001G. at myrl*tk add 

0*02 

0*01568 

0*432 

(c/.-carve 5) 


00125 

0*00870 

0*380 


0*01 

0*00640 

0*360 


OOO75 

0*00408 

0*342 


0005 

0*00185 

0*315 

o'oi 0. erf palmitic add 

0*02 

0*01921 

0*079 

(Cf. curve 6) 


0*0125 

0*01188 

0*062 


0*02 

0*00947 

0*053 


0*0075 

0*00702 

0*048 


0*005 

0*00465 

o *035 

0*01 erf stearic add 

o*oa 

0*01890 

0*110 

(cf. carve 7) 


0*0125 

0*01168 

0*082 


0*01 

000952 

0*068 

• 

0*0075 

0*00694 

0*056 


0*005 

0*00456 

0*044 


Table I shows that the wpine coats increase the adsorption of benzoic 
add by more than 100%, a-naphthylamine coat being more effective 
»h«n that of diphenylamine (Pig. i, curves i, 2 and 3), On the other 
hand coats with different acids diminish the adsorption of the same 
to different extents, the order being iwlmitic acid > stearic acid t> 
aagiistk add lanric add (Fg. 1, curves 4, 5> 6 and 7). 
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Fig. i. 



0*OD2 o‘oo6 0*010 0*014 0*0X8 

End concentration m normality. 


Carves 1 —7 refer respectively to original charcoal, and charcoal coated with Miaphthyl* 
annne, diphenvlamine, lauric, im ristic, palmitic and stearic acids. 

The following results show that the interaction between the pure amine 
and benzoic acid cannot account for the increase in adsorption of benzoic 
acid. *The charcoal surface thus plays a definite r 61 e in this respect. 0*005 O. 
of a-naphthylamine was shaken with 50 c. c. of the benzoic acid solution of 
different concentrations. 

Table II. 

Concentration of the add Amount adsorbed (m. 


Initial. 

Btod. 

eqniv. per g. of 
charcoal). 

o*oaN 

0*02 N 

Nil 

00125 

0*0125 

» 

**01 

0*01 

> 


0*0075 

H 


0*005 

P 



192 


h. k. a<5ha&ia 


The spreading of the amine molecules on the charcoal surface would expose 
them to possible interactions, and the amine molecules are probably linked 
to the surface atoms by chemical valences, and orientation perhaps intensify 
their capacity to react with acid molecules. 'In the latter case, we should 
expect a maximum adsorption of benzoic acid when the whole charcoal 
surface is covered with a monomolecular layer of the amine. The 
adsorption of benzoic acid thus passes through a peak value as shown in 
Table III. 


Amount of the substance 
per g. of charcoal. 

0*005 G. of a-naphthylaminc 
(cf. curve 8) 


0*01 G. of «-naphthylamine 
(cf. curve 2) 


0-05 G. of «-naphthylamine 
(curve q) 


•••» i' 


Table 

m. 

Concentration of the add 
Initial. End. 

0*02 IV 

6*01340# 

0*0125 

0*00640 

0*01 

0*00450 

0*0075 

0*00246 

0*005 

0*00074 

0*02 

0*00761 

0*0125 

°*°o 394 

0*01 

0*00275 

0*0075 

0*00154 

0*005 

0*00068 

0-02 

0*01950 

0*0125 

0*01210 

0.01 

0*00968 

0*0075 

0*00729 

0*005 

0*00483 


Amount adsorbed (m. eqniv. 
per g. of charcoal). 

o*66o 

o*6*o 

0*550 

6*504 

0*426 

1*239 

0*856 

0*725 

0*596 

o*43* 

0*050 

0*040 

0*052 

0*021 

0*017 


With 0 0s g. of the amine per g. of charcoal, the adsorptive capacity 
of the charcoal is almost negligible, while with 0-005 g. of the same an 
isotherm curve with greater adsorption than the original charcoal is 
obtained. . The maximum adsorption of the add (0 02N) occurs with 
o*ox g. of the amine per g. of charcoal, being above 135% greater than 
that oq tbs original (tmeoated) charcoal (Pig. 2, edrves 2. 8 and 4). 
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Fig. 2. 



Curves*2, 8 and 9 refer respectively too'oig., 0*005 8* and 0 0 S g* of ••nnphtli} lamine. 


The maximum adsorption of Ixmzoic acid by ‘ coated * charcoal is 
1-239 m. equiv. Schroder (Ber., 1879, 12 , 562) finds the density of benzoic 
acid to be 1 -292. Assuming the molecules to be cubes and to be spread as a 
continuous unimolecular layer, the above value of the maximum adsorption 
gives the specific area of the covered surface to be 288 sq. meters. The 
same method of calculation gives 101 sq. metres as the specific surface of 
the charcoal before the coating was applied. This value corresponds to the 
maximum adsorption 0-524 111. equiv. (cf. Fig. i, curve 1). 

Approximate values of the areas, w hich can lie covered by a uni¬ 
molecular film of the substances forming the coats, are given in Table IV. 
The cross section of the molecules, calculated by Adam (Pioc. Roy . Soc., 
1922, A101, 452) from surface pressure measurements and the density data 
of the amines (Dunstan, ], Chem Soc., 1915, 107 , 668), have been used for 
this purpose. 

Tahi.e IV. 


Substance. 

Amount per g. 
of charcoal. 

Cmsf.-section 
in Scj. X. 

Density. 

Approximate area 
in m|. metres. 

Laurie acid 

0*01 

20*5 

— 

6*21 

Myriatic acid 

»» 

,1 

— 

5*55 

Palmitic acid 

K 

II 

— 

4*y6 

Stearic acid 

11 

II 

— 

4*.t,S 

Diphenylaniinc 

11 

— 

r 162 V* 

1671 

a-Naphthylaminc 

O-OOI 

— 

ri7i7‘ 

»*77 


0-005 

— 

M 

8*83 


0*01 

— 

ft 

17-66 


0-05 

— 

1, 

88*30 
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If we consider Lowry's (loc. cit ) limiting value (32*2 sq. meters) as 
the area for the present sample of charcoal, the different amounts of the 
coating substances, if spread unimolecularly, appear to be insufficient to cover 
the whole surface, while the maximum quantity of a-naphthylamine used for 
the coat (0*05 g.) may cover the total charcoal surface and form more than 
two layers. But the surface as calculated from the adsorption isotherm of 
benzoic acid on the original charcoal is 101 sq. metres. If this latter value 
is taken to be more reliable then it is necessary to conclude that the 
surface is not fully coated when the adsorption is totally stopped. It is 
necessary to point out that the method of producing the coat entails 
the possibility that the coating substances cover the exterior surface 
of the granules and prevent an ingress of the adsorbate to the internal 
surfaces. 

It is, however, difficult to explain the larger adsorption of benzoic 
acid, o-oi G. of amine would contain 4-24 x io 19 molecules, whereas one 
g. of the charcoal, coated with this amount of the amine, shows an increase 
in adsorption of 4-33 x io ao molecules of benzoic acid. It is evident that 
the amine groups on the surface are not the only places where single 
molecules of benzoic acid are adsorbed. One has to assume that either 
each amine group on the surface adsorbs more than one molecule of benzoic 
acid or the coating material increases the active surface where benzoic acid is 
adsorbed. 

With a view to confirm the above results with benzoic acid, the ad¬ 
sorption of salicylic, succinic and oxalic acids was also carried out at one 
concentration, viz., o-oiN. The results are given in Tables V, VI 
and VII. 


Table V. 

Adsorption of salicylic acid . 


want of the substance 

End. cone, of the 

per g. of charcoal 

acid. 

Original charcoal 

0*00636^ 

0-01 G. 

of laoric acid 

0*00766 

it 

myristic add 

0*00782 

»* 

palmitic acid 

o-oi 

*» 

stearic add 

0*00979 

M 

diphenylamine 

0*00613 

o-ooi 

a-naphthylamine 

0*00608 

0-005 

11 

0*00536 

0*01 

M 

0*00593 

0-05 

*• 

9*01 


Amount adsorbed (m. eqniv. 
per g. of charcoal). 


0-364 

0-234 

0*218 

Nil 


0-021 

0-387 

0-392 

0*464 

°’4o? 

Nil 
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Table VI. 

Adsorption of succinic acid . 


Amount of the substance 

End. cone, of the 

Amonnt absorbed (m. equiv, 

per g. of charcoal. 

add. 

per g. of charro&l). 

Original charcoal 

0*0068 N 

0*340 

o*oi G. of lauric acid 

0*00774 

0*226 

•t 

myristic add 

0*00782 

0*218 

i* 

palmitic acid 

0*00971 

0*029 

»• 

stearic acid 

0*00966 

0*034 

»» 

diphenylamine 

0*00638 

0*632 

0*001 

a-naphthylamine 

0*00649 

0*351 

0*005 

11 

0*00570 

0*430 

0*01 

n 

0*00585 

0*415 

0*05 

11 

0*00997 

Nil 


Table VII. 

Adsorption of oxalic acid. 


Ammount of the substance 

End cone, of the 

Amount adsorbed (m. equiv, 

per g. of charcoal. 

acid. 

per g. of charcoal). 

Original charcoal 

0*00836# 

0*164 

o*oi G. 

of lauric acid 

0*00859 

0*141 

ii 

myristic add 

0*00882 

o*ii 8 

11 

palmitic acid 

0*00996 

Nil 

it 

stearic acid 

0*00971 

0*029 

i» 

diphenylamine 

0*00802 

0*198 

0*001 

a-naphthylamine 

0*00809 

0*191 

0*005 

11 

0*00764 

0*236 

0*01 

11 

0*00787 

0*213 

0*05 

11 

0*00989 

Nil 


The results in Tables V, VI and VII are quite in agreement with 
those obtained with benzoic acid. The different acid coats, perhaps act 
as a poison towards the adsorption of the acids to different extents. The 
adsorption of the acids on the other hand is increased with increasing 
amount of the amine coat and appears to pass through a maximum; further 
when the amount of the coat is sufficiently increased, the adsorption is 
totally stopped. The maximum increase in adsorption with the amine 
coat, which occurs when 0*005 g. of a-naphthylamine is spread per g. 
of charcoal, is about 35% with salicylic acid, 25% with succinic acid and 
40% with oxalic add. 
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The decrease in the adsorption of the acids in contact with the charcoal, 
coated with different acids, may be expected to be the result of some of the 
acid coat coming out into the solution and increasing the titratable acid. 
But it has been shown in Part I of this series ( loc. cit.) that the pE values 
of conductivity water, kept in contact for 24 hours with the above coats, are 
never less than 5. The solubility of the coats has thus little to do with 
the decrease in adsorption. 


Summary. 

1. Coats of various organic substances, such as lauric, myristic, 
palmitic and stearic acids and a-naphthyl and diphenylamines have been 
produced on activated sugar charcoal and the influence of such coats on the 
adsorption of benzoic, salicylic, succinic and oxalic acids by charcoal has 
been studied. 

2. The amine coats greatly increase the adsorption of the acids, an 
a-naphthylamine coat being more effective than that of diphenylamine. 
This increase reaches a maximum as the amount of the amine used for 
coating the charcoal is increased, but with further increase, the adsorption 
decreases to zero. The maximum increment in the adsorption of benzoic 
acid (o*02iV) which has been observed is more than 135%, and occurs 
with o'oi g. of a-naphthylamine per g. of charcoal. The maximum 
adsorption of salicylic, succinic and oxalic acids (o‘oi N ) occurs with 0*005 
g. of the amine and is of the order of 25% to 45%. The maximum 
adsorption of benzoic acid, assuming that the adsorbed molecules are 
spread unimolecularly on the surface, gives a value of 288 sq. meters for 
the specific surface. 

3. The different acid coats, on the other hand, decrease the adsorption 
of the acids to different extents. The capacity of the coats to diminish 
the adsorptiou of the acids is of the order: palmitic acid > stearic acid > 
myristic acid > lauric acid. 

My l>cst thanks are due to Prof. J. N. Mukherjeefor his advice 
and facilities for this work. 
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r.viviRsitY College or Science and Received January 8,1937. 
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ON THE STUDY OF POLYHALIDES. PART V. 

THE STRUCTURE OF POLYHALIDES. 

By Susii, Kumar Ray and Durgadas Majumdar. 

Inspite of investigations extending over a period of more than a century 
the constitution of the polyhalides is still a matter of much controversy. 
Attempts at elucidating the structure of these compounds have not as yet 
been very successful nor has any systematic investigation Ixjen made in this 
direction. 

By studying the reactions of /wra-bromophenyltrimethylammonium 
trihalides, Reade (/. Chew, Soc., 1923, 123 , 141; 1924,128, 148; 1926, 
2528) proposed the following structure for the trihalides : 

q »rx,-x f -x ft ] 


where Qm stands for the organic cation and X lf X 2f X 3 for the halogen 
atoms which may be all different or two similar and one different. 

From studies in absorption band spectra Lowry and Sass (ibid., 1926, 
622) have confirmed the observations of Crymble, Stewart and Wright 
(Bcr., 1910, 43 , 1183) that KI 3 and CHI a have similar absorption band. 
No similarity is exhibited by any of the conventional formula* for the 
polyhalidesand iodoform, the most plausible structure for the former l>eing 
that given by Reade. Further studies in the absorption spectra of the 
polyhalides by Goldstein and Lowry (]. them . Soc., 1931, 1092) 

have led these authors to confirm the structure given by Reade (loc. cii.). 

Ray (/. Indian them. Soc., 1933, 10 , 213 ; 1934, 11 , 115) from obser¬ 
vations of the variations in the equilibrium constant of reactions 

RX + X a ^==^RX fl 

(where R stands for H, Na, K, etc., and X stands for a halogen) suggested 
the structure of a trihalide to be 

R [Xi(X*)] 

where Xj stands for the halogen ion and X 2 for the halogen molecule. 
According to Ray (loc. cit.) the union between the halogen ion and the halo- 
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gen molecule is of an electrostatic nature. This structure, it will be observ¬ 
ed, has some similarity to that suggested by Reade. 

The first attempt to explain the structure from the standpoint of the 
electronic theory of valency was made by Gray and Dakers (Phil. Mag., 
1931,11,81). They have measured the diamagnetic susceptibilities of the 
tetraalkylammoniura polyhalides, prepared by Chattaway and Hoyle 
(/. Chem . Soc., 1923, 128 , 654) and of the phenyltrimethylammonium 
polyhalides, prepared by Reade (loc. cit.)- On the evidence of their obser¬ 
vation, Gray and Dakers adopted the co-ordination theory of Werner and 
hence gave the structure, 

:M : : X : X : : X : 

•• •• •• •« 

for the trihalidc, where M stands for a cation and X for any halogen except¬ 
ing fluorine. 

The possibility of the presence of single electron linkages in the poly¬ 
halide molecule was suggested by Cremer and Duncan (J. Chem. Soc., 1933, 
181) but no experimental evidence was given by these authors. The provi¬ 
sional structure of Cremer and Duncan should be 


:M: :X X X 


where M stands for the cation and X for any halogen. 

From the investigations on the structure of the poly halides it will be 
observed that up till now only two structures have been given from the 
standpoint of the electronic theory of valency. The one suggested by 
Gray and Dakers (Joe. cit.) assumes that the halogen atoms are linked 
together by election-i>air bonds or normal co-valency, while the other put 
forward by Cremer and Duncan ( loc. cit.) assumes that the bonds are single 
electron bonds. The object of the present paper is to decide between the 
structures proposed by Gray and Dakers and by Cremer and Duncan and 
to attempt to derive a structure of the polyhalides based on the Quantum 
mechanical theory of homopolar valency of Heitler and London. Since the 
single electron linkage hypothesis was put forward by Sugden from para- 
chor studies, the determination of the parachor of the poly halides will be 
the best method for deciding whether such linkages are present or not, 
and in the present paper this method has been resorted to. As the poly¬ 
halides studied decompose on fusion, Sugden s original method for the deter¬ 
mination of the parachor of solid substances is not applicable here and hence 
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the surface tension and density were determined in solution and the para- 
chor calculated (Ray, J. Indian Chem . See., 1934, 11 , 672, 843 > * 935 > 1 *# 
248, 404). 

The polyhalides of the alkali metals of lower atomic weight are known 
in solution in the form of equilibrium mixtures and they can not be isolated 
in the pure state, while the polyhalides of the alkali metals of higher atomic 
weights will not be soluble in organic solvents and in aqueous solution 
they would most likely dissociate into ions. Moreover, the atomic parachor of 
the alkali metals are not reliable. vSo in the present paper the polyhalides 
of the substituted ammonium radical have been investigated which have the 
advantages of being stable at the ordinary temperature and also soluble 
in non-dissociating organic solvents. 

Since the parachor is affected widely by association or dissociation, it is 
necessary to ascertain that such disturbing effects are not occurring. This 
has been done by the determination of the molecular weights of the subs¬ 
tances by the freezing point method. 

Experimental. 

Preparations . 

The compounds were prepared either according to the method of 
Reade or of Chattaway and Hoyle. Since the presence of slight impurities 
affect the surface tension widely, it is necessary that the substances should 
be in a high state of purity. The final compound as well as the inter¬ 
mediate compounds were repeatedly crystallised till a constant melting 
point was attained, One new compound was prepared in course 
of this investigation, its molecular formula was established by analysis 
and determination of molecular weight; its parachor was also determined. 
The following is the list of compounds prepared and studied. 

(i) Tetraethylammonium Tri-iodide was crystallised from boiling alcohol 
till the constant melting point of 142 0 reached (Chattaway and Hoyle, 

m.p. 142°)- , . 

(it) Tetraethylammonium Iododibromide, after three crystallisations 

from alcohol had a constant m.p. at 125 0 (Chattaway and Hoyle, m.p., 125 0 ; 
Gray and Dakers, m.p. 124 0 ). 

((Hi) p.Bromophenyltrimethylammonium Iododichloride , after three 
crystalli sa tions from glacial acetic acid, had a constant m.p. at 178 (Reade, 
m.p. I 77 c )- 

(iv) p-Bromophenyltrimethylammonium Iodotetrachloride , crystallised 

from glacial acetic acid, had m.p* 190° (Reade, m.p. 188-V). 
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fv) i^Bromophcnyltfivtcthylammonium Tribromide crystallised from 
glacial acetic acid below 8o f , m.p., 175 0 (Reade, m.p. 175")* 

(vi) Telraclhylammonium Jodobromotrichloride. —Pure iodine (6g.) 
was suspended in glacial acetic add (10 c.c.) in a small flask cooled to 
about 15' and into this was passed pure and dry chlorine gas. The passage 
of chlorine was continued till crystals of iodine trichloride separated. The 
current of chlorine was then stopped and the supernatant liquid decanted ofi. 
Tetraethylammonium bromide (9 g.), crystallised from w r ater was suspended 
in acetic acid and was added to the precipitate of iodine trichloride. The 
mixture was warmed on the water-bath to 8o c and acetic acid added little 
by little till all solid matter dissolved. The solution on cooling yielded 
yellow crystals of tetraethylammonium iodobromotrichloride which were 
thrice recrystallised from glacial acetic acid when it had the constant 
m.p. of 171 0 . The substance is insoluble in water but fairly soluble in 
alcohol, nitrol»en/.ene and acetic acid. It decomposes in pyridine. [0*2144 g. 
gave 0 4206 g. of silver halides; N IBrCl ;t requires 0*4136 g.] 

[Found: N, 2*98. N (Kt«) IBrCl : < requires 315 per cent]. 

(vit) Tciramcthylammonium Pentaiodide crystallised from alcohol, 
m.p. 130° (Chattaw'ay and Hoyle, 111.p. 130°,). 


Determination of Molecula1 Weight . 

From the existing literature, it appears that the molecular weights 
of the polyhalides have not l>een determined. The usual method of estab¬ 
lishing the formation of a defiinite compound in this line w ? as by analysis 
of the compounds and seeing whether they fitted in the law of multiple 
proi>ortions This method leaves the question open that the substances 
might Ik* eutectic mixtures. A determination of the molecular weights of 
these compounds will settle this point, as eutectic mixtures can not give 
results eoriesponding to normal molecular weight; the cryoscopic method for 
the determination of molecular weights has l>een adopted. The solubility of 
the polyhalides in the usual solvents is not very great and it was found that 
they were in general moderately soluble in nitrobenzene (vide Nernst, 
0 Theoretical Chemistry/’ Knglish Translation by L.W. Codd, p, 167;. In 
the present investigation nitrobenzene, purified by repeated distillation, was 
employed as the solvent. 

A Beckmann thermometer graduated to i/iooth of degree was used. 
The tenqierature of the bath was kept only one degree below the freezing 
;>oiut of the solution. By careful stirring the supercooling of the solution 
was never allowed to exceed 0*1 The results are tabulated in Table J. 
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Table I. 


Compound. 

Wt. in ioo g . 

Depiesston of M.W. 

M.W. 


of nitrobenzene. 

freezing point. (oba.) 

(ral«\) 

NEttfj 

0*9756 

0*135 

5 IX 



1*9780 

0275 

508-6 



2*5046 

0*350 

505*9 





Mean 508*5 

511 

NEtilBr, 

0*9854 

0*170 

409*9 



1*9805 

0-340 

4117 



2*5046 

0*425 

416-7 





Mean 412-7 

4*7 

CaH*Br*NMe 3 IClf 

0-9232 

0-160 

408-0 



1-8500 

o* 3 i 5 

4 * 5*3 



3*6021 

0-625 

407*4 





Mean 410-2 

4 * 3*0 

(V^Br-NMealCh 

0*8954 

0*135 

468-9 



1*7810 

0-265 

475 ** 



2*3259 

0-340 

483*7 





Mean 475-9 

484*0 

C 6 H 4 Br.NMejBr s 

0*5672 

O-OpO 

445*7 



1-8070 

0*285 

448*3 



2*2590 

0.355 

449*9 





Mean 448-0 

455*0 

NKt 4 IBiCl 3 

1*1210 

0-180 

440.9 



3*5160 

0*565 

439*9 



4 - 398 i 

0*705 

441*1 





Mean 440*4 

443-5 

NMc 4 Is 

1*252 

0*175 

505*8 



2*593 

0*400 

458*9 



3-125 

o *595 

368*5 

709*0 

Thus, with 

the exception of 

NMeJs, 

which apparently 

dccom 


poses, the molecular weights of the other compounds obtained experi¬ 
mentally agree closely with that calculated from analytical data. 


Determination of Parachor. 

The parachor of the above mentioned compounds were determined in 
solution by the method of Ray (loc. cil.). The first, second and the last 
compound were found to be very soluble in pyridine and so parachor deter¬ 
mination of these compounds have been carried out in pyridine. With the 
exception of the sixth compound, which decompose* in pyridine and has 

4 
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therefore been investigated in nitrobenzene, the solubility of the other 
compounds was higher in nitrobenzene than in pyridine, and as such have 
been investigated in nitrobenzene. Pyridine used in this investigation was 
purified by distillation and then stored over pure caustic potash sticks in a 
stoppered bottle. Nitrobenzene was also similarly purified and then stored 
over pure fused calcium chloride. Dry and powdered substances whose 
parachor was to be determined were taken in 25 c.c. measuring flask 
(previously weighed emty and dry) and the total weight determined. The 
substance was dissolved in corresponding solvent and the weight of the 
solution determined. From these weighings the molar fraction of the solute 
was directly obtained. 

The surface tension was determined by the maximum bubble pressure 
method. Altogether five to seven readings were taken on the manometer 
and the mean of all these readings was used in the calculation of the surface 
tension. The densities of the solutions were measured by means of a 10 c.c. 
stoppered pyknometer. The results are tabulated in Tables II-VIII. In 
these tables Pp*»r represents the value of the parachor calculated on the 
basis that the bonds between the halogen atoms are electron-pair bonds or 
normal co-valency, while P«n*ii. is the value calculated on the basis that 
the bonds are single electron linkages. In the following tables x is the mol. 
fraction of the solute, Mm, the mean molecular weight of the solution, P m , 
the parachor of the solution, P«, the parachor of the solute, d, the density 
and <r, the surface tension. 


Table II. 

Tetraethylammonium truiodidc in pyridine . 


X. 

d. 

9. 

Mm. 

0*0 

0*9696 

14*69 

7900 

0*008574 

2*002 

3 S «5 

82*70 

0*008696 

2*003 

35 * 8 i 

82*74 

0*01123 

2*0x5 

38*44 

83*86 

0*01265 

2*025 

35*79 

84*46 

0 * 0 X 493 

2*027 

36*78 

85-43 

0*01763 

x *©33 

35*45 

8661 

0*01858 

2*042 

37 *** 

87-03 


P*. PjMiir. Punflr, 

1977 

201*7 664*8 

201-8 666-8 

2030 667*9 

203*5 656-1 

204-8 676*4 

206*0 669-4 

206*4 667-4 

Mean 666*9 


664*3 642*1 
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Table III. 

Teiraeihylammonium iododibrotnidc in pyridine. 


X. 

d. 

<r. 

Mm 

Pm 

Px. 

Pptir. 

Ptlog l«. 

0*0 

0*9696 

34-69 

79-00 

197*7 

... 

••• 

... 

0*02169 

1*003 

36-04 

82-94 

202*6 

615*9 

... 

... 

0*01255 

1*007 

36-31 

83-23 

202*9 

613-7 

... 

... 

0*01963 

1*023 

36-49 

85-63 

205*8 

6x1*3 

... 

... 

0*02371 

1*030 

36-45 

87-00 

207*5 

6ix*6 

... 


0*02489 

1*034 

36-85 

87-40 

208-3 

622-6 

... 

... 

0*03230 

1*050 

36-93 

89-90 

2 X 1*1 

613*1 

... 

... 





Mean 614*8 

6x8*3 

595** 


Table IV. 

p-Bromophcnyllrimethylammonium iododichloride 

\ 

in PhNO*. 


X. 

d. 

O’. 

Mm. 

Pm. 

Px. 

Ppetfr. 

Piinfft* 

0*0 

1*198 

44*30 

123*0 

264*9 

... 

... 

... 

0*004573 

1*207 

44-70 

124*4 

266*5 

612 *4 


... 

0*004594 

1*206 

44*54 

124*4 

266-5 

609-5 



0*006451 

i* 208 

44*50 

124*9 

267*1 

620*0 



0*007x58 

1*208 

44.40 

125*1 

267*4 

628*7 



0*008682 

1*2x4 

45 *i 6 

125*5 

268*0 

*622*0 

... 


0*009464 

1*214 

44*82 

125*7 

268*2 

622*0 


... 

0009574 

1*2X1 

44*42 

125*8 

2682 

616-3 

... 

- 


Mean 6187 619*7 


596*5 
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Tabu V. 

p-BromoPhenyltrimethylammonium iodotetrachloride *« PhNOj. 


X . 

d . 

#. 

Mm. 

Pm . 

PJL 

Ppair. 

PfiBg r. 

0*0 

1*196 

44*30 

123*0 

264*9 

••• 

... 

... 

0*009952 

1*206 

44*79 

124*1 

266*2 

7X1*2 

• M 

••• 

0*003659 

1*207 

44*75 

124*4 

266*6 

7 * 4*5 

ooa 

ooo 

0*006551 

1*211 

44*80 

125*4 

267*9 

732*8 

... 

... 

04106736 

1*214 

45 *ao 

125*5 

268*1 

742*3 



0*006x75 

1*2x4 

44*87 

126*0 

268*6 

7a x-8 

... 

... 





Mean 

724*4 

728*3 

693*5 




Table VI. 





Tetraethylammonium iodobromotrichloride in PhNO*. 


X . 

d . 

e . 

Mm. 

Pm. 

Px. 

Ppair. 

Pflrinirle. 

0*0 

1*198 

44*30 

123*0 

264*9 

... 



04)09665 

1203 

43*48 

126*1 

269*2 

713*9 

... 

... 

0 * 0 X 206 

1*208 

44 *oo 

126*8 

270-4 

721*4 


... 

0*01592 

1*213 

43*89 

128*2 

272*0 

709*8 

... 

... 

0*01766 

1*215 

44 *oi 

128*7 

272*9 

716*6 

... 

... 

0*01984 

1*218 

44*01 

129*4 

273*7 

710-8 

... 

... 





Mean 714-5 

713*2 

678*4 




Tabu VII. 




* 

p*Bromophenyltiimethylammonium tribromide in 

PbNO*. 


2. 

d . 


Mm. 

Pm • 

Pa . 

Ppair. 

Paiafle. 

o'o 

1*198 

44*30 

123*0 

264*9 

— 



0004054 

1*199 

43*53 

124*3 

266*3 

6x6*6 



0*004662 

1'201 

43^5 

124*6 

266*7 

6377 



0*005064 

1*201 

43*73 

124*7 

266*8 

631*9 



0*006066 

1*204 

43 ' 6 i 

125*1 

*67*0 

625*2 





* 


Mean 

638*1 

604*1 

600*9 
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Table VIII. 

Tetraethylammonium pcntaiodide in Pyridine. 


X. 

d. 

<r. 

Mm . 

0*0 

09696 

3469 

79 00 

0*004619 

1*001 

36'23 

81 "90 

0*006060 

1*010 

3*'96 

82-82 

0*007109 

1*021 

38-23 

83-47 

0*008390 

1*022 

31-76 

8429 

0*01361 

1*042 

38-15 

8758 


Pm. 

Px . 

P|MI . 

Ptiafto 

1977 

— 



200*8 

866*2 



196-4 

— 



203-3 

9847 



195-8 

— 



208-8 

1014*0 



Mean 

— 

691-9 

6455 


Discussion. 

From the preceding tables it will be seen that the parachor values of 
the compounds obtained experimentally agree very closely to the value 
calculated on the assumption that the bonds between the halogens are 
electron-pair bonds. In the case of tetraethylammonium pentaiodide the 
data obtained (Table VIII) will show that the values are far from being 
constant. The determination of the molecular weight showed that the 
substance decomposes in solution and the erratic nature of the parachor 
values is apparently due to this decomposition. The investigation 
of the magnetic susceptibilities of this compound by Gray and Dakcrs 
(loc. cit.) did not tally with their theory. It may also be mentioned here 
that according to Ephraim (" Text Book of Inorganic Chemistry’ 1 M , English 
Ed., 1934, p. 217) polyiodides higher than tri-iodides do not exist. 
The alleged higher iodides are solid solutions of iodine in tri-iodide and 
probably eutectic mixtures. 

While the parachor values show that the bonds between the halogens 
are electron-pair bonds, corresponding structures can not be given from the 
c ] fl « qira1 electronic theory of valency of Lewis and Kossel. An attempt 
will be made to derive a structure of the polyhalides based on the quantum 
mechanical theory of Heitler and London. London (Z. Physik, 1928, 
16 , 455) in extending this theory put forward that the variable valency of 
elements can be explained by supposing that the electron configuration of 
the atom varies from compound to compound so that the number of 



206 S. K* RAY AKD D. MAJmiDAR 

electrons with unpaired spins varies; the limitation to such variation being 
given by the exclusion rule of Pauli. The halogen atoms have the 
structure n s*p 5 , of the valency shell, where n stands for 2,3,4 or 5 in the 
cases of fluorine, chlorine, bromine or iodine. Corresponding to these 
structures there can be only one electron with unpaired spin id the atom 
and as such the halogens are monovalent in most of the compounds* Except 
fluoride all other halogens exhibit polyvalency. To explain this London 
assumes that the following electron configurations are possible Without 
violating Pauli’s rule, viz ., 

ns*p 4 d, ns , p 3 d 8 , nsp 3 d 3 

where n stands for 3,4 or 5 corresponding to chlorine, bromine or iodine. 
In the case of fluorine no other structure is possible without violating Pauli’s 
rule and hence fluorine is consistently monovalent. Corresponding to the 
first, second or third of the structures suggested by London, the halogens 
can be tri-, penta- or heptavalent. 

As has been already pointed out that Werner and Reade also put 
forward the suggestion that one halogen atom in the tri-halide acts as the 
kernel atom round which the other halogen atoms and the positive radical 
are co-ordinated. On London’s theory of valency of the halogens to this 
central kernel atom can be ascribed the valencies 3, 5 or 7 in the tri-, 
I>cnta-, or hepta-halides. The structures of the polyhalides are therefore 



where R stands for the univalent positive radical and X, for either chlorine, 
bromine or iodine. The double arrows stand for electron-pair bonds and 
the opposite directions represent opposite spin. 

The above mentioned electron configurations of the kernel halogen atom 
shows that incomplete electron sub-shells are being formed due to polyhahde 
formation. As is well known, the paramagnetic properties of the rate 
earths and the transition series elements are due to the presence of 
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incomplete electron sub-shells so the kernel atom in the polyhalides should 
be expected to show paramagnetism due to the change in the electron con¬ 
figuration on polyhalide formation. This has been experimentally verified 
by the work of Gray and Dakers (loc. cit .). They found that the diamagne¬ 
tic susceptibilities of the polyhalides calculated from the values of the atomic 
diamagnetic susceptibilities and the additivity rule, are always in excess 
of the values obtained experimentally. This is evidently due to the 
development of feeble paramagnetism. Thus the magnetic susceptibilities 
of the polyhalides furnish strong evidence for the structure suggested in 
this paper. 

In the case of the polyhalides of the alkali metals of lower atomic 
weight and metals of alkaline earths, Ray ( loc . cit.) suggested a structure 
based on the theory of electrostatic attraction. The properties of the 
polyhalides of the alkali metals and substituted ammonium radicals 
are different in more than one respect; the former are soluble in water 
but sparingly soluble in non-dissociating organic solvents and they are 
more or less unstable, while the latter are insoluble in water but soluble in 
non-polar organic solvents and are fairly stable. From this it appears 
that there is some probablity of a structural difference between these 
two series of compounds and that polyhalides of the alkali metals 
and metals of alkaline earths contain polar linkages and with the 
increase in the volume of the cation, the polar property gradually diminishes 
until in the case of the substituted ammonium polyhalides the linkage 
becomes a co-valent one. 

The authors desire to express their thanks to Prof, A. Maitra for his 
kind interest in the work 


Chemical Laboratory, 
Presidency College, 
Calcutta. 


Received February 26 , 1937. 



ANALYTICAL USES OF NESSLER’S REAGENT. PART-III. 
ESTIMATION OF FORMALDEHYDE. PYROGALLOL, 
TANNIC AND GALLIC ACIDS. THEIR ABSOLUTE 
OXYGEN VALUES. 

By M. Goswami and A. Shaha. 

In previous papers on the subject (/. Indian Chem. Soc., 1935, 12 , 714 ; 
1936,18, 73, 315) it has been shown by one of us that alkaline solution of 
potassium mercuric iodide in presence of reducing sugars gives up iodine, by 
which they are oxidised, and liberates corresponding amount of mercury 
according to the degree of reducibilities of the latter, the complex breaking 
up thus:— 

2KgHgI<—► 4 KI+Hg a Ig+I s -> 2 KI+K 2 HgI 4 +Hg+Ij 

This reaction has been previously utilised in estimating formaldehyde in 
concentrated solution (Gross and Bougoult, J. Pharm. chitn., 1922, 28 , 5, 
170). It was thought interesting to see whether this method could be utilised 
in the micro-estimation of CHgO, and whether the reaction 

CH 9 0 +K,HgI 4 —► Hg + H'COOH 

is absolute and strictly quantitative. For this purpose definite amount 
of pure dry hexamethylenetetramine was distilled with dilute sul¬ 
phuric acid (reagent) at 100® and the distillate was absorbed in 
Nessler’s solution. The mercury liberated was dissolved in standard iodine 
solution and the excess of the latter was titrated back. The results obtained 
were found to conform strictly to the above equation. The micro-estimation 
also gave excellent results and a dilution of 1 in 100,000 was estimated with 
fair degree of accuracy. This encouraged us to see the applicability of the 
method in finding out the absolute oxygen value of pyrogallol and, therefore, 
in estimating it quantitatively. Previous experimenters have given different 
results about the capacity of alkaline pyrogallol to absorb oxygen (Berthelot, 
Compt. rend., 1893, 1066, 1459; Zorkocyz, Biochem. Z., 1925, 161). Thus 
Berthelot (loc. cit.) found that according to the nature and strength of 
the alkali used, the absorption varied from 1-3 atoms of oxygen per 
molecule of pyrogallol, whereas according to Zorkocyz it goes beyond to 5 
atoms. By the application of potassium mercuric iodide method constant 
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results were obtained and it was found that one molecule of pyrogallol always 
liberated two atoms of mercury corresponding to two atoms of oxygen. The 
experiments were done in absence of oxygen. This led us to examine the 
reducibilities of tannic and gallic acids. Unlike pyrogallol these estimations 
could be done in open air and it was found that one molecule of tannin 
(pentadigalloylglucose) absorbed 16 atoms of oxygen, whilst 4 molecules of 
gallic acid took 11 atoms. Various dilutions have been tested and fairly 
accurate results have l)een obtained. The method can, therefore, lx* suitably 
applied for their quantitative estimations. 


Experimental 

Absolute Oxygen Value and Microbestimaiion of Formaldehyde. 

Hexamethylenetetramine solution (5 c.c.; 250 c.c. containing 0*030201 g.) 
corresponding to 0*007767 g. of CH 2 0 , was taken in a flask fitted with a 
dropping funnel, trap and a condenser; the end of the latter was connected 
with a funnel and fitted in a wide-mouthed bottle containing alkaline Ncssler's 
solution. This was followed by a second liottle containing the same 
solution and serving as a guard. The Nessler's solution used in this and 
other experiments described in the paper was of the following strength:— 
2*5 g. of HgCl 2 ; 8 g. of KI; xooc.c.of water; 50 c c. of 30 % NaOH. Pure 
H2SO4 (15 %, 35 c.c.) was added from the funnel to the tetramine solution 
and the whole was distilled; mercury was precipitated in the first bottle, the 
second one remaining practically unaffected. The solutions of both were mixed, 
acidified with glacial acetic acid and standard iodine solution added. After 
the liberated mercury dissolved, the excess of iodine was titrated back. 
Several similar distillations were done and the following are some of the 
results. 


Table I. 


CHjO actual in 5 c.c. 
calculated from 

(CHJM- 

CHjO found calc, on the basis 
that each mol. takes 1 atom of 
oxygen. 

0*007767 g. 

0*007668 g. 

»» 

0*007752 

»t 

0*0078349 

.. 

0*007752 
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Micfo-estimalion *—Pure formaldehyde solution of definite strength was 
prepared from (CHf) 6 N 4 by distillation with pure sulphuric acid. 
Micro-estimation was done using N / ioo-thiosulphate and iodine solutions. 
The following are some of the results. 


Table II. 


Actual CHjO preMint. 

CHjO found. 

0.0525 % 

0*0525 % 

0*0217 

0*02X1 

0*0108 

O.OIO56 

0*00534 

0*00559 

0*00x07 

0*00091 


Absolute Oxygen Value of Pyrogallol and its Estimation . 

The experiment was done in the apparatus shown in Fig. i. It was 



Fig. I. 

made air-free by means of coal gas purified and freed from oxygen by passing 
it successively through alkaline pyrogallol, bromine water, caustic soda and 
sulphuric acid. Carefully prepared air-free water was used to prepare 
sta n da r d pyrogallol (Si) and Neasier's solution (S3). The pushing up of these 
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solutions and glacial acetic acid (S 2 ) in the burette B(for Si) and in the 
graduated funnel F(for Sg and S3) as well as the introduction of them in R, 
the reaction vessel, were all done in the atmosphere of coal gas by opening 
and closing the respective stop-cocks t j — 111, Ti and the two-way cock T* 
(connecting B with R and B with S|) and by using one or more of the 
the water seals wi — w 4 to drive off air or to release the gas pressure inside 
the system. At first the whole apparatus was made air-free with empty Sj, 
then closing all other stop-cocks, the latter was detached and standard pyrogallol 
was quickly introduced in it which was then connected with the system and 
made air-free by closing and opening the relevant stop cocks. This precaution 
was necessary as it was undesirable to pass all the air of the system through 
pyrogallol solution. 


The apparatus was made air-free in the following way' 


Parts made air-free. 

Stop-cocks closed. 

Stop-cocks opened. 

Tube containing t#-tji 

*3 

t|-t u 

Si 

ts-he, T s ,t| 

^(connecting B with Sj), 



tSitgftu, 

Sa 

T|, tf, tg, t 7l tg 

* 3 . tf, tf-tji. 


T|» tj, tg, tg, tj 

ts. tj# *10. hi* 

F 

T,, tg, t,-tg 

h,t a . 

FAR 

Tj, t* tg. t«-t* 

T2, tj, tg. 

F.R&B 

t lf t„ tg, t*-tg 

(connecting B with R), 



Tj» tj, t». 

Tube containing 

Ti, Tf, t*, tf-tg 

tj-t # . 

t*at» 



The solutions were pushed up in the following way 


Solution contained in 

Stop-cocks closed. 

Stop-cocks opened. 


tj, t§, tf, tji 

Tj (con. B with Sj), t§, tg— 
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(The preaawe was released by evening tj| and closing Ti :the liqnid B ia ad- 
juated to the desired mark by connecting It and Sj by Tjl 


Solutionb contained in Stop-cocks closed. 

Sj tj, U, tj|, Tj 

(The pleasure was released by opening t w and tu) 

S3 b. t|, Tj 

(The pressure was release I hy opening tg — tj t ) 

The solutions were introduced in R in the following way : — 

Solution Stop-cocks closed. 

Standard pyrogallol tft-tu, Tj 

from B 


Stop-cocks opened, 
ty-tj, tj. 


t§» t 8l tj. 


Stop-cocks opened. 

tg, t 4 , t b Tj (connecting 
B with RL 


Ncssler’s solution and t 4 —tjj, tj tj. 

glacial ucctic acid 
from V. 


Measured amount of the standard solution was taken in R from the 
burette and Nessler's solution and glacial acetic acid (10 c.c. each) were 
added in succession from the graduated funnel* Without disturbing 
the apparatus R was detached and the mercury liberated was dissolved 
in standard iixline solution (10 c.c), the excess of the latter was then at once 
titrated back. The following are the results:— 


Table III. 

Thiosulphate = 0-1042^. 


Pyrogallol 
in 250 c.c, 

Vol. taken. 

Thiosulphate required 
Before After 

oxidatiou oxidation 

(A). (B). 

Pyrogallol 
Pound :(A —B) * Actual, 
thio x 000315. 

0*1907 g. 

10 c.c 

8*8 c.c. 

6*5 c.c. 

0*007549 g. 

0*0076*8 g, 

o* 49 &> 

1 

11 

8*2 

0*001969 

0*00x984 

1*2551 

1 

»* 

7*35 

0005087 

0*00503 

a* 34 M 

X 

>• 

5*9 

0*009517 

0*009361 


Pyrogallol found was calculated on the basis that one molecule takes two 
atoms of oxygen. 
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Oxygen Value and Estimation of Tannic and Gallic Acids. 

Unlike pyrogallol tannic and gallic acids could be treated in open 
air. The procedure was the same. 

Merck's tannic acid (guaranteed reagent, Pentadigalloylglucose, 
M. W. 1700) was taken. The following are the results : 

Table IV. 


<>■05112 V-Thiosulphate and 10 c.c. of iodine were used, 


Tannic acid 
in 250 c.c. 

Vol. added. 

Thiosulphate required 
Before nxida- After oxida¬ 
tion (A). tiun (B). 

Tannic acid 
Found : (A-B) x thio. Actual, 
x 0*0053. 

0.3020 g. 

10 c.c. 

15 5 c.c. 

II c.c. 

0 01219 g. 

0*01208 g. 

0*7373 

1 

11 

M '35 

0*003116 

0002949 

1-1919 

1 

11 

13 7 

0*004877 

0-004768 

2*2988 

1 

i» 

221 

0*009212 

0*009195 


Tannic acid found was calculated on the basis that 16 atoms of oxygen 
were required for one molecule. 

Merck’s pure gallic acid was taken and recrystallised from hot water. 
The following are the results: (Gallic acid found was calculated on the 
basis that 4 molecules required 11 atoms of oxygen). 


Table V. 


Gallic acid 
in 250 c.c. 

Vol. added. 

Thiosulphate required. 

Before oxida- After oxida¬ 
tion (A). tion (B). 

Gallic acid 
lAwnd : (A - B) x Actual 
thio x 0*0053. 

0**775 g- 

10 c.c. 

17*2 c.c. 

10 55 c.c. 

0*01135 

0*0X110 

03614 



8*55 

0*01452 

0*0x446 

1*2019 

1 

11 

14*3 

0*004938 

0*004808 
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STUDIES IN THE CAMPHOR SERIES. PART IV. 

SYNTHESIS OF THIOFENCHONE AND TWO 
ISOMERIC BIS-THIOCAMPHORS AND 
THEIR DERIVATIVES. 

By Dinks Chandra Sen. 

Thiofenchone, previously prepared by Rimini ( Gazzetta , 1909, 89 , 203), 
has been obtained as a deep red liquid by the simultaneous action of dry 
hydrogen chloride and sulphuretted hydrogen at o° on freshly distilled 
fenchone in alcoholic solution. Like a ketone it gives with evolution of 
sulphuretted hydrogen a semicarbazone and an oxime which are found to be 
identical with those of fenchone. On reduction with aluminium amalgam, 
it gives thiofenchol. It forms also a white crystalline mercury salt with 
mercuric acetate. It decolourises iodine and permanganate solutions and 
also forms a yellow silver salt. All these properties lead to the following 
constitutional formulae of thiofenchone and thiofenchol ; 


CH 2 —CH—C(Mc) 2 


I 


CH* 

CH*—C- 

Me 


Reduction 

- y 


CHs—CH—C(Me,)" 
CH, 

CH,—C-CHSH 

Me 


The reactive nature of the methylene group due to the negative influence 
of a thiocarbonyl group (cf. Sen, /. Indian Chem. Soc., 1935, 12 . 751 ; 
1936, 13 , 533; Nature, 1936, 188 , 548) has made it possible to synthesise 
two isomeric bia-thiocamphors by the action of iodine on the sodio deriva¬ 
tive of thiocamphor in boiling benzene. Bis-thiocamphor can be represented 
by either (I) or (II). 




(II) 


Oddo’s method (if. Gazzetta, 1897, 37 , 149; 1911, 81 , 126; Bet., 
1904, 37• 1569) of synthesis of bis-camphor, namely by the action of aodtafn 
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or magnesium on a-bromocamphor cannot be applied for the synthesis of 
bis-thiocamphor, as a-bromothiocamphor cannot be prepared in the pure 
state. The action of iodine on sodio-camphor in benzene on the other hand 
gives a-iodocamphor instead of bis-camphor. 

d/-Bis-thiocamphor (m.p. 164°) forms a dioxime, (m.p. 199% decomp,) 
and an azine (m.p. 176°), and /-bis-thiocamphor (m.p. 180 0 ) also forms an 
azine (m.p. 200°) under similar conditions. These facts, along with the 
analytical and molecular weight data of the t\\ o bis-tliiocamphors and their 
derivatives lead to the conclusion that they contain two C:S groups, and 
that they are i:4-dithioketones, and have the formula (II)* The dioximes 
and the azines should, therefore, be represented by the structures (III) and 
(IV) respectively. 


CgHx 


yCH-HCv XH HCX 

i(l VTT1 I > c « h 14 C 8 H 14 < I | )c 8 Hm 
N::NOH HONCY X::N—N:C X 


(HI) 


(IV). 


On reduction with aluminium amalgam in moist ethereal solution, dl- 
bis-thiocamphor forms d/-bis-thioborneol, m.p. 148°, which decolourises 
iodine and forms a yellow lead salt. 

{-Bis-thiocamphor has a very high molecular rotation, [M]$? m 
-1109*5 in benzene solution, whereas the molecular rotation of /-thio- 
camphor is [Ml 8 ^*■ —4i°3 in the same solvent and under similar .condi¬ 
tions. This high exaltation in optical activity may be attributed to the 
pres enc e of a potential conjugated system in bis-thiocamphor, which may 
behave both in the thio and thiol phases. 


C*H 14 



CsH u <ii hScaHh 

Vsh HS‘cr 


Studies in absorption spectra in the visible region of bis-thiocamphor 
at different dilutions und the comparison of these with those of thiofenchone 
an I fhiocamphor have given interesting results. It has been noticed that 
a 5'4% solution of bis-thiocamphor in benzene manifests a characteristic 
absorption band between 5270! and 4530A and that with dilution this 
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band becomes shorter corresponding to dilutions 4*5^ and 3*6%. Finally 
at 2*7% concentration it gives a very short band having the centre at 4950X. 
Similar bands have also been observed in the case of /-thiocainphor and 
i-thiofenchone. This selective absorption band is, therefore, a characteristic 
property of the chromophoric C:S group in cyclic thioketones. 

Experimental. 

Thiofcnchone. —A simultaneous current of hydrogen chloride and 
sulphuretted hydrogen was passed for 6 hours into an alcoholic solution 
of freshly distilled fenchone (50 g ). The product was poured into w r ater and 
extracted with ether. The ethereal solution was dried over sodium sulphate, 
ether removed and the residual liquid distilled in vacuum. On repeated 
fractionation, thiofenchone distilled at 92°/5 mm. (215-16° I762 mm,) 
as a red liquid having camphoric smell, yield 5 g. [Found : C, 71 •21; H, 9*63; 
S, 19*12; M.W. (cryoscopic in benzene), 167. Calc, for CioH Je S: C, 71*43; 
H, 9*52; S. 19*05 j>er cent. M.W., 16S]. The oxime was prepared by the 
action of hydroxylamine hydrochloride in pyridine solution, m.p. 159 0 . 
(Found: N, 8*35. Calc, for C, 0 Hi 7 ON : N, 8*38 per cent). The semi- 
carbazone was prepared by the action of semicar bazide hydrochloride on 
thiofenchone in alcoholic solution, m.p. 172 0 . (Found: N, 20*15. Calc, 
for CiiHu,ON 3 : N, 20*09 per cent). These derivatives have been found 
to be identical with fenchone oxime and fenchone semicarbazone. 

Reduction of Thiofenchone .—Thiofenchone was reduced by aluminium 
amalgam in a similar manner as described in the case of thiocamphor {cf. 
Sen, /. Indian Chcm. Sor., 1935, 12 , 647) in moist ethereal solution. 
The ethereal solution was evaporated and the residue treated with a concen¬ 
trated solution of lead acetate (lead salt of thiofenchol being fairly soluble 
in alcohol, the solution of lead salt should lx; very concentrated). The 
precipitated lead salt was filtered off, susixmded in alcohol and decomposed 
by means of sulphuretted hydrogen. The oil was precipitated from 
the alcoholic solution and extracted with ether, dried over sodium 
sulphate, ether evaporated and the liquid distilled at 95°Is mm. or at 
ai6°-aao 0 /76a mm. It was obtained as a colourless liquid having a smell 
similar to that of thioborneol. (Found : C, 70*68 ; H, 10*75 ; S, 18*91. 
Calc, for CjoHigS : C, 70*59 l H, 10*59 J S. 18*82 per cent). Thiofenchol 
decolourises bromine and iodine solutions and also dilute potassium per* 
mangana tc solution in the cold, 

l-Bis-thiocamPhor*— A solution of dry /-thiocamphor (20 g.) in sodium- 
; dried benzene (50 c. c.) was treated with powdered sodamide (4*8 g.) and 
the solution boiled for nearly 1 hour under reflux, till the red colour of 
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tEiocamphor completely vanished. A solution of iodine (15 g.) in 
benzene was then added drop by drop to the boiling solution. The 
boiling was continued for half an hour more and the solution treated with 
ice-cold water. The benzene solution was washed with water and sodium 
thiosulphate solution, dried over sodium sulphate and the benzene distilled. 
The viscous liquid solidified on stirring and it was washed with alcohol 
which removed the tarry matter. The residual solid on crystallisation 
from alcohol gave orange hexagonal plates, m p. 180°, yield 6 g. 

It is moderately soluble in alcohol and readily soluble in benzene 
giving a deep red solution. It has the normal molecular weight and is 
/aeuo-rotatory, [a] 8 L> °= ~332°i in 1 per cent, solution in benzene ob¬ 
served in a 2 dcm. tube. [Found . C, 71*81 ; H, 912 ; S, 19-26. M. W. (in 
benzene, cryoscopic), 332. C20H30S2 requires C, 71*86 ; H, 8*98 ; S, iq’i6 
per cent. M. W., 336]. 

The dioxime was prepared by heating /-bis-thiocaraphor (1 g.) in pyri¬ 
dine (5 c. c.) with hydroxylamine hydrochloride (1 g.). The solution was 
heated at 100 0 for 1 hour till the evolution of sulphuretted hydrogen was 
complete and the solution became colourless. It was then poured into water 
(500 c. c.) and the white precipitate crystallised from alcohol as needles, 
m.p. 197 0 , yield 0*6 g. (Found : C, 71*95 ; H, 9 84 ; N, 8*38 per cent. 
C20H30O2N2 requires C, 72*2 ; H, 9*64; N, 8 43 per cent). 

Dicamphane Azine .—A solution of Z-bis-thiocamphor (2 g.) in alcohol 
(4 c. c.) was treated with hydrazine hydrate (3 c. c.) in the cold. The 
formation of azine was accompanied with evolution of sulphuretted hydrogen 
and the disappearance of the red colour. The solution was poured into 
water and the precipitate crystallised from alcohol as shining needles* m.p. 
200° (decomp.), yield 1*5 g. (Found : C, 79*75 ; H, 9*89 ; N, 9*34. 
Cf 0H30N2 requires C, 79*47 ; H, 9*93 ; N, 9*27 per cent). It is soluble in 

all organic solvents and mineral acids. The picrate was obtained as yellow 

shining needles, m. p. 200 9 (decomp.). (Found : N, 13*35. Cs«Hss()7N ft 
requires N, 13*28 per cent). 

dl -Bis-thio camphor. —It was prepared in the same manner as /-bis-thio- 
camphor, m. p. 164°. (Found: C, 71*8 5; H, 9*21; 8, 19*22. M. W, 
332. C* 0 H 3 oS 2 requires C, 71*86 ; H, 8*98; S, 19*16 per cent. M. W, 
336). The dioxime crystallises from alcohol as needles, in. p. 199 0 
(decomp.). (Found : C, 72 25 ; H, 9*65 ; N, 8*45* C 2 oH 32 OsN 8 requires 
C, 72*2 ; H, 9*64 ; N, 8*43 per cent). The corresponding diazine , prepared 
by the action of hydrazine hydrate on the alcoholic solution of dl- bis* 
thiocamphor melts at 176°. (Found : C, 79 53 I H, 10 03; N, 9*35. 

C90H30N2 requires C, 79*47 ; H, 9*93 ; N, 9*27 per cent). 

6 
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Reduction of dl-bts-lhocamphor : Preparation of dl-bis-thiobomeol-* » 
Aluminium amalgam was added in the cold to the moist ethereal solution of 
#-bis'thiocamphor (io g.). The solution was kept for 2 days when 
reduction was complete, as was evident from the disappearance of the 
red colour. The solution was filtered off and concentrated after drying 
over sodium sulphate It crystallised from alcohol as colourless needles 
having a characteristic smell like that of thioborneol, m. p. 143 0 , yield 7 g. 
(Found : C, 71*25 ; H, 1019 , S, 19 02. M. W. 338. CsoH^Sg requires 
C, 71 ’o ; H, io’o6 ; S, 18 04 i»er cent. M. W , 338). 

Determination of Absorption Spectra in the Visible Regions. 

<w 0 < 

R. O O 



The absorption sj>ectra of /-thiocamphor, /-bis-thiocumphor and thio- 
fenchone in benzene were determined in quartz cell of thickness 0*5 cm. 
and the variations of the bands with dilutions are shown in the accompanying 
plate. Spectra corresponding to the following dilutions were compared, 
(1) 5’4%i (a) 4*5%, (3) 3*6%, (4) 2*7%, and it was noticed that at 5*4% 
concentration ail the substances gave an absorption band beew ? een 5270 A 
~453<> A having the band centre at 4950A, corresponding to dilution 
of 2*7 per cent. 

My thanks are due to vSir P. C- R 4 y for his kind encouragement during 
the investigation and also for the facilities in his laboratory. 


Paui Laboratorv, 

Uni\krsitv Coiuot ok Scum 1 Rtuhed February 19, 1937. 

ami> Trchnoum.v, Cauuttx 



• A MODIFICATION OF THE GUARESCHI PYRIDINE 
SYNTHESIS. PART I. 

BY X1RM AI.ANANDA PAL1T. 

A method for the Guareschi pyridine synthesis originated in the 
observation that when a mixture of cyanoacetic ester and ethylidene- 
acetoacetic ester was treated with ammonia, a dicyano-imide was obtained 
together with a little dihydrocollidine dicarboxylic ester and a third subs¬ 
tance of unknown constitution {Chan. ZenirL, 1897, I, 927 ; Quenda, ibid., 
903). The formation of these compounds is explained by a preceding 
hydrolysis of the ethylidene derivative. With benzaldehyde, the esters 
and ammonia, Guareschi obtained a compound melting at 222-23®. Later 
on (ibid., 1907,1, 332) he observed that the product in this case also was 
a complex mixture, one component of which, (m.p. 225-26°) was definitely 
characterised to be the open-chain amide (I), while a second, (m.p. 226-27°) 
was claimed to be oxypyridine (II), derived from (I) by loss of water and 
hydrogen. 


Ph 

I 

CH 

/\ 

NC HC CH-CO Me 

I I 

NH 2 OC C 0 2 Et 

(I) 

The compound (m.p. 222-23®) is not mentioned in this later work. It 
will be noticed that all the above three compounds have very close melting 
points and it appears necessary to reinvestigate the matter to dctciminc 
their constitution and to see if they are all really different. At the outset, 
it was thought advisable to reduce the complex nature of Guareschi's 
reaction by coupling the four reactants in pairs and to treat the resulting 
benzylideneacetoacetic ester and cyanoacetamide with a more suitable 
condensing agent. Thus with a few drops of diethylamine, the condensation 
proceeded very smoothly and deposited crystals, m. p. 222-23®, *n 68%, 
yield. No other compound could be obtained by varying the conditions. 
Gttareschi’s experiment in itself was then repeated in aqueous solution 
and it was found that only two products could be isolated, one, the same 
as before, m.p. 222-23°, and the other « the °f>en-chain amide (I), m.p. 
225-26®, the former or the latter preponderating according as the tempera- 


NC j |C() a Et 

HO'V'Me 

N 

(II) 
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t mt was maintained low with ice or not. It is doubtful if the pyridone 
CD is formed at all. The amide having been definitely characterised, 
the former compound was taken up for elucidation of its constitution. 
Analysis showed it to be an addition product (CieHisOiNg) but its pro¬ 
perties could not be reconciled to the open-chan structure (I), for it did 
not evolve any ammonia with boiling caustic soda but dissolved to give 
a yellow solution to be reprecipitated by acids, redissolving in slight excess 
of the latter and reappearing on allowing the solution to stand. There is 
no doubt that the primary reaction is an addition between the two molecules, 
for on boiling with dilute hydrochloric acid for three hours the substance 
dissolved and the solution after evaporation and extraction with ether, 
gives an acid, m.p. 8aThis was identified to be S-phenyl-y-acetyibutyric 
add (Knoevenagel and Fries, Bcr., 1898, 81 , 762). 

In the literature a parallel case has been recorded (Barat, /. Indian Chem. 
Soc , 9 1930, 7 , 322). Allen and Scarrow (Canadian ]. Res., 1934, 11 , 
395) condensed eyanoacetamide with unsaturated ketones and obtained 
additive products with similar properties. To such compounds they have 
attributed a cyclic aldol structure due to tautomerisation between the ainido 
and carbonyl groups in 1 : 6 position. The compound in question is also 
probably best represented by a ring structure, for in addition to the ano¬ 
malous properties of its amido group, the absence of any carbonyl in it 
was established beyond doubt. It did not form any semicarbazone, was 
oxidised to a gum with sodium hypobromite solution and to benzoic acid 
with chromic acid. It failed to react with Grignard reagent in ether 
suspension or boiling pyridine solution. It, therefore, liuv be represented 
as (III) but it differs in many of its reactions from the similar ring 


Ph 

I 

CH 


NCHt\ /N )CH-C< > a lit 


CON/C(OH)Me 

NH 


Ph 

I 

CH 


:NM eC /VTTCO t Iii 

MeOc\/C(OH)Me 

N 


(III) 


(IV) 


compounds of Barat ( loc . cit.) and of Allen and Scarrow ( i oc . cit.). Thus 
with dimethyl sulphate two methyl groups are introduced but the product is 
a monomethoxy derivative and is presumably represented by (IV). The aldol 
structure, on dehydration, was excepted to pass readily into Guareschi’s 
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compound (II). In acetic anhydride, suspension, addition of a few drops of 
strong sulphuric acid caused it to warm up and go rapidly into solution, but 
it was attended with considerable decomposition of material with evolution of 
carbon dioxide even though it was cooled in ice. Replacement of the acid by 
the pyridine gave better result when heated under reflux for two hours and 
the product on analysis was found to agree with the formula Ci«Hi T 0*N (V) 
derived from the parent substance by withdrawal of the cyano and carbe- 
thoxy groups, followed by acetylation (cf. Allen and Scarrow, loc. cit.). 
This structure explains its insolubility in caustic soda. Alcoholic sulphuric 
acid, hot caustic soda or even barium hydroxide ruptures the ring. 

It is indeed very surprising to note that all attempts to dehydrate (III) 
with phosphorus pentachloride, pentoxide or hydrogen chloride in dry chlo¬ 
roform solution met with failure until with a controlled action of phosphorus 
trichloride in boiling benzene, the compound (VI) was obtained. 


Ph 


Ph 


CH 

H 2 C/\CH b 


CH 

CN‘Hc/\cCO g Et 


Me’COO'C'%/ C(OH) Me HO'CVC'Me 

N N 

(V) (VI) 


Ph 

I 

CH 


NC‘(Me)C/\C‘CO g Et 


Me()C\/C'Me 


N 


(VII) 


Like the parent substance, it dissolves in alkali with a yellow colour. It 
melts at 142 0 and is different from Guareschi’s pyridone (II). That during 
dehydration, hydrogen atoms are not eliminated is indicated by its ready 
transformation into (VID with dimethyl sulphate. 

The ring formation by tautomerisation of amide hydrogen atom seemed 
very interesting and such abnormal reactivity may be attributed to the fact 
that in (I), the amide group acquires certain mobility due to its position next 
to carbonyl and the very close proximity of a second carbonyl of the aceto- 
acetic ester residue, being in the sixth position with regard to it. It would 



n. palit 


thus ap pea r that the non-existence of one of these negative groups wpuiO 
render it incapable bf forming the ring. To test this view cyanoacetamide 
was conveniently replaced by the dinitriles of Mayer (aminoarylacrylonitriles) 
which are capable of reacting in the tautemeric from R C (: N H) CH.^CN, 
These api>eared to be far less reactive towards the unsaturated ester and if 
condensation could be effected, the products were not analogous in all cases. 
Before a definite conclusion may be drawn, the results require a more critical 
examination and will be communicated shortly. 

tn the above condensations benzylidene-acetoacetic ester was next re¬ 
placed, by benzylidene-cyanoaeetic ester. Cyanoacetamide readilly com¬ 
bined in presence of diethylaniine and needle shaped crystals (m. p. 266-68°) 
began to separate within an hour- On allowing the mixture to stand at 
room temperature for several days, it was noticed that the needles were 
entirely replaced by small grains, m. p. 245°. Both the substances in amyl 
alcohol give a deep brown colouration with ferric chloride. The latter is a 
dicyano-oxypyridone (IX), already obtained by Guareschi ( Chem . Zentrl 1899, 
II, 1 iS) and by Day and Thorpe (/. Chcm. Soc., 1920, 117 , 1473) by different 
methods. Its sodio derivative is the only product when sodium ethoxide is 
employed as the condensing agent. The former compound passes into the 
latter quickly on boiling with acids. The analytical data agree with the 
formula CnHaoO a N 4 and it evolves with alkali a gas having anammoniacal 
smell but not tarnishing NeSsler’s solution. vSince the diones are known to 
possess marked acidic properties it appears to be a diethylammonium salt 
(VIII) produced according to the following scheme. 
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Experimental. 

Condensation of . Cyonoacetamide with Benzylidene-acetoactic Ester : 

Formation of s-Cyano-6-keto-2-oxy c a-methyl-ycaTbeihoxy-4-phenylpiperidine. 

—-Cyanoacetaraide (o*8 g) and benzylidene acetoacetic ester (2*2 gj (Knoeve- 
nagel, Ber., 1896, 17 , 2) were dissolved in sufficient warm alcohol so that the 
amide did not crystallise out on cooling. A few drops of diethylamine were 
added when the solution warmed up considerably and the colour gradually 
darkened to dirty brown- After keeping overnight the crystals separating 
were collected and washed with alcohol. Colourless needles from alcohol 
m. p. 222-23 0 , yield 1*7 g. It is soluble in acetone and in hot caustic Soda 
with a yellow colour. (Found : C, 63*54 > 6 * 2 4 ; N, 9*53. Ci«Hi« 0 *N* 

requires C, 63*57 ; H, 5*96; N, 9*27 per cent). 

Hydrolysis : Formation of P-Phenyl-y-acetylbutyric Acid . —A suspen¬ 
sion of the substance in dilute hydrochloric acid was boiled under reflux 
and in 2 hours a perfect solution was obtained. On cooling it became 
milky and after another 2 hours a small quantity of oil separated. On 
allowing to stand overnight, preferably in an ice-chest, clusters of needles 
were obtained. The mother liquor on evaporation and extraction 
with ether gives a second crop. The total quantity was crystallised 
from water, m. p. 82°. (Found • C, 69*70 ; H, 6*99. Ci*» H h O^ requires 
C, 69*90; H, 6*79 per cent). 

Mcthylation : Formation of s-Cyano-6-methoxy-2-oxy-2 : S'dimethyl-y 
carbcthozy-^-phenyUctrahydropyiidine. —On adding dimethyl sulphate to the 
warm solution of the substance in caustic soda (10%) a gummy raass.separated- 
On allowing it to stand in water for 2 days it solidified. It was twice 
crystallised from alcohol, m. p. 162°. (Found • 0,65*23; H, 6*52; OMe, 
q*6i. C 18 H 2 2°4N2 requires C, 65*45 ; H, 6*66; OMe, 9*4 per cent). 

Reaction with Acetic Anhydride .—The substance was suspended in 
acetic anhydride with a drop of pyridine and boiled. Prolonged heating 
darkened the colour and on pouring into water and allowing to stand, it 
separated in the form of needles. It crystallised from dilute alcohol, 
m.p. 145-46°. (Found ; C, 68*25 ; H, 6*82 ; N, 6*n. 0 14 H, 7 O,,N requires 
C, 68*01 ; H, 6*88 ; N, 574 per cent). 

Treatment with Phosphorus Tnchlordc * Formation of $-Cyano-6-o*y- 
$-carbethoxy-2-methyl-4-phcnyl-4 ydyhydropyndtrte. The substance in 
benzene suspension was heated for alx>ut 2 hours on a water-bath with phos¬ 
phorus trichloride. A gummy mass was obtained from which the product 
could be isolated with difficulty 111 extremely poor yield. The operation 
was much more successful when the mixture after boiling was evaporated, 
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treated with water, extracted with ether, the extract repeatedly washed and 
evaporated. The residue was a pale yellow solid which crystallised from 
water containing acetic acid, m. p. 142 0 . (Found: C, 67*81 ; H, 5*88; N, 
10* 10. Ci 0 HitO 8 K| requires C, 67 60; H, 5*6 ; N, 9*86 per cent). 

The Methylation of the above compound with dimethyl sulphate pro¬ 
duced an oil which solidified after 2 days. It crystallised from methyl 
alcohol, m. p. 149°. (Found : C, 69*52; H, 6 44 ; N, 9*25; OMe, io'xi. 
CiaHioOflNf requiresC, 69 23 ; H, 6*41 ; N, 8*97; OMe, 9*93 percent). 

Condensation of Cyanoacetamide with Benzylidene-cyanoacetic Ester : 
(i) Formation of Diethyl ammonium salt of y.5-Di c yano m 2:6-diketo-4^phenyl- 
piperidine. —The solution of the amide (o‘8 g) and the ester (2 g.) in absolute 
alcohol was treated with diethylamine. After keeping overnight at room 
temperature it set to a mass of white needles. It is almost insoluble in alcohol, 
acetone, benzene, etc. It crystallises from amyl alcohol or pyridine in flat 
lancet like needles, m. p. 268° ; yield 14 g. It dissolves in warm water and 
on adding concentrated hydrochloric acid to the cooled solution a white mass 
is obtained, m. p. 245 0 (see belew). (Found : C, 65*12; H, 6*2; N, 17*8. 
Ci7Hg 0 O 5 N4 requires C, 65*38; H, 6*4 ; N, 17*94 per cent). 

(ii) Formation of 3: s-Dicyano-6-hydioxy-4-phcnyl-A™-dihydro-2’ 
pyridonc .—If in the above condensation, the mixture was allowed to stand 
for 4-5 days, the needles separating were gradually entirely replaced by pale 
greenish cubes, m. p. 245°- It dissolves in boiling water and the aqueous 
solution on acidification precipitates the substance as a white shining mass. 
(Found : C, 65*58 ; H, 3*40 ; N, 17*92. C^HrOgN* requires C, 65*8 ; H, 
2*9 ; N, 17*7 per cent). 


Sciknck CoLtins, 
Patna. 


Received July a6, 1935. 



ON THE PHYSICO-CHEMICAL PROPERTIES OF ELECTRO- 
DIALYSED GELS OF SILICA, ALUMINA, FERRIC 
HYDROXIDE AND THEIR MIXTURES. PART III. 
CATAPHORETIC VELOCITY AND P H . 

By Promodk Behari Bhattacharyya. 

In two previous papers of this series the ion exchange properties 
(/. Indian Chem. Soc-, 1936, 13 , 204) and moisture retention capacity 
(ibid., 1936, 13 , 547) of the above synthetic gels have been described. 
A comparative study has also been made of these properties of gels, 
which are probable constituents of soils, with the properties of soil 
colloids. In the present investigation the cataphoretic velocity and f>> of 
the gels, saturated with different cations, have been studied. 

The effect of substitution of cation on migration velocity of soil colloids 
has been studied by various investigators notably by Mattson (First Ini. 
Cong. Soil Sci., 1928, 2 , 185, 199; Soil Sci., 1929. 28 , 373), Anderson 
(J. Agric. Res., 1929, 38 , 565) and Bradfield (J. Phys. Chcm., 1931, 88, 369). 
An attempt has been made to make a comparative study of the results 
obtained by these investigators and those obtained by the author. In this 
connection reference may also be made to the works of Abramson (J. Phys. 
Chem.. 1931, 38 , 289), Mooney (ibid., 1931, 38 , 331) and Kemp (Trans. 
Faraday Soc., 1935. 31 , 1347). 

The cataphoretic velocity of the particles was determined by the 
microscopic method in a rectangular cataphoretic cell as designed by 
Freundlich and Abramson (Z. physikal. Chem., 1927, 128 , 25). Velocities 
were measured at different depths of the cell and they were found 
to lie on a parabolic curve, in good agreement with Smoluchowski’s 
equation, 

f’W'j mV i ~ v i 

(I) (II) (III) 

The velocity was also calculated from the equation, 



where the value of vdx was obtained from graphical representation. 

7 
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Velocities obtained as in (I), (II), (III) & (IV) were found to agree 
quite well and the mean of all these velocities was taken as the true particle 
velocity. 


Experimental. 

A potential of 200 volts from a set of storage batteries was applied to 
the cataphoretic cell. The drop in potential in the rectangular part of the 
cell, which was 575 cm. long, was calculated from a determination of the 
relative resistances of the liquid in the rectangular flat part of the cell and in 
the attached limbs. 

The method of preparing the gels and saturating them with various 
cations have been described in Part I of this series of papers (loc. cit.). 

The particles of the saturated gels, which were washed until the con¬ 
centration of Cl' ion in the filtrate was less than 1 x icT : ' (loc. cit.) were 
suspended in water, shaken, and allowed to settle to remove coarser particles 
by sedimentation. Time required for settling was calculated from Stokes’ 
formula so that particles above diameter of 0 01 mm. could be removed by 
sedimentation, assuming them to be spherical. The cell was dismantled 
after each determination and cleansed thoroughly so that no appreciable 
error could be introduced by particles sticking to the walls of the cell. 

The p n values of the suspensions were determined by means of hydrogen 
and quinhydrone electrodes. The proportion of gel to water was 1 : 2 5 in 
all cases Results are given in the following tables. 


Sample. 

Saturating 

Table I. 

Cataphoretic 

Temp. 

Pn. 

SiO, 

cation. 

velocity. 
m/scc. volt/cm. 

-0*58 

29*0 

4*91 


Na 

— I'Xl 

29*5 

5*20 


K 

—078 

29*0 

5*59 

* 

Ca 

-0*56 

30*0 

5*22 


Mg 

-0*76 

29*0 

5*54 

AliOj 

Na 

+ 0*83 

29-5 

5*87 


♦ 0*30 

30*0 

6*86 


K 

+0-44 

30*0 

6*79 


Ca 

4 o*8o 

29*5 

6*91 


Mg 

4 0*59 

29*5 

6*79 

FejO, 

Na 

4 0*48 

29*5 

5*88 


4 0*27 

29*0 

6*51 


K 

4 0*34 

29*0 

6*22 


Ca 

40*46 

29-5 

6*34 


Mg 

4 0*39 

29*0 

6*2? 
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Table II. 


Sample. 


Saturating 

Cataphoretic velocity. Temp. 

PH. 



cation. 

sec. volt./cm. 




... 



5*04 

SiOj ♦ AljOs 
(Mixture I). 


Na 



6*42 

S** - 4 . 37 

AIjOj 4 37 


K 

Ca 



6*31 

6*23 



Mg 



6*ii 

SiOj + AljOj 
(Mixture II) 



-0*52 

30*5 

5**3 

- ,. 33 


Na 

-0-99 

30*0 

6*41 

AIjOj 


K 

“ 0*93 

30*0 

6*39 



Ca 

-0*58 

30-0 

6-66 



Mg 

-077 

29*5 

6*42 

SiOj ♦ FejOj 
(Mixture III) 


Na 



5*37 

6*o6 

Si °*-- 3-68 




FejO s 


K 



5 * 9 i 



Ca 



6*22 



Mg 



6*io 

SiOj + Fe^Oj 
(Mixture IV) 


... 

"“ 0*44 

29*0 

578 

6*io 

- > °4 


Na 

—0*85 

29*0 

FejOj 


K 

—0*68 

30*0 

5*87 



Ca 

“ 0*49 

29*5 

6*37 



Mg 

—0*64 

29*0 

6-31 



Table III. 



SaturaHtxg 

cation. 

Anderson 

day. 

Mattson 

clay. 


Author 


Sibi. 

SiOj + AlgOj. SiOj + FejOj. 

Ca 

xoo 

xoo 

100 

XOO 

xoo 

Mg 

99 

... 

*35 

132 

130 

K 

*34 

... 

140 

160 

140 

Na 

*49 

191 

198 

* 7 ° 

*73 

H 

n 

168 

X04 

89 

90 
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Discussion. 

The amount of free electrolyte occuring normally in laterite soil of this 
country of heavy rainfall is very small. In the present investigation, the 
gels, which are probable constituents of soil, may be assumed to correspond 
approximately to natural condition. The cataphoretic velocity was 
determined in suspensions of the samples in distilled water. During 
recent years this problem has been attacked from all sides. That 
the particle velocity is independent of size and shape has been shown by 
various investigators. A list of number of investigators together with the 
names of the materials with which the investigation was made has been 
given by Abramson (/. Phys. Chem., 1931, 38 , 289). Mention may be 
made of the work of Abramson (/. Amcr. Chein . Soc., 1928, 80 , 390) and 
Freundlich and Abramson (loc. citibid., 1928, 133 , 51) who have shown that 
the velocity of particles of quartz, glass and clay is independent of size and 
shape between 3M to 15/u. Recent investigation of Kemp (loc. cit.) on the 
cataphoretic mobility of silica and gamboge has shown that the mobility 
decreases with decreasing particle size. He accounts for this variation of 
mobility w r ith particle size by Henry's equation ( Proc . Roy Soc., 1931, 
A 133 ,106) 


B X* Kb 
~r\K ' I +'Kb 


f(Kb) 


over a range of Kb, 2-330, where b is the radius and K is defined by the 
equation 


K 



S n, y\ = 3-28. 


10 l/u at 20°. 


According to Henry, however, no variation in the mobility could be expected 
with large particles in relatively strong solutions. Recently Mukherjee 
and co-workers (/. Indian Chem. Soc., 193)5, 13 , 372, 428) in an investiga¬ 
tion on the cataphoretic velocity of colloidal particles, have made a critical 
study of the dependence of velocity on size, shape and ionic strength. 
They have shown that the velocity increases with the aggregation of 
colloidal particles in presence of an electrolyte and this behaviour has been 
explained from a consideration of Mukherjee’s theory of ion adsorption. 
As stated previously, the presence of free electrolytes in the gels used in 
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this investigation was very small and the velocities were measured in 
distilled water. The particle size was o oi mm. and below. All the expert 
ments were also conducted under identical conditions. Hence no appre¬ 
ciable error may be expected to be introduced in getting comparable results. 

Kemp ( loc . cit.) has shown that the mobilities of the particles of 
gamboge and silica show very little change with the pn of the solution. 
The change in velocity with p u of materials such as ferric oxide in the sol 
state has been studied by Hanzel and Ayres (/. Phy a. C/icm., 1931, 88, 
2930) and others. It will be seen from the tables that the pn values of the 
gels used in the exi>eriments all lie between 5 and 7. So the effect of 
difference of p n on the velocity, if any, might lx* neglected and hence a 
study on the change of velocity with pn of the particles was not made a 
part of the investigation. 

In Tables I and II are given the pu and cataphoretic velocity of the 
unmixed and mixed gels when saturated with different cations. In the case 
of the SiOg gel, Na increased the negative charge to a considerable extent, 
the cataphoretic speed being in the order Na > K > Mg > Ca > electro- 
dialysed gel (which is an unsaturated hydrogen gel). The values of K- and 
Mg-saturated samples are very near to each other, where as the Ca-saturated 
sample gives a value which approaches that of the electrodialysed materials. 
It will be observed from Table II that the mixed gels of SiOg + AlgOj* and 
SiOa + Fe 2 03» as obtained by mutual precipitation, also behave in the same 
way as the SiO a gel, the speed being in the order Na>K >Mg >Ca > 
unsaturated H-gel. This order holds for the degree of dispersion of various 
soil colloidal materials shown by Oedroiz, (Z. Opytn . Agron. t 1924, 22 , 29). 

In Table III arc given the relative values of the mobility of clay 
particles as obtained by Mattson, Anderson and the author. From a 
comparison of the results it may he said that the data are in partial agree¬ 
ment with the observations of the investigators named above. Where as 
Anderson got the lowest value for H-elay, and Mattson obtained a value 
greater than that of Ca-clay, the values obtained in the present investiga¬ 
tion for the unsaturated H-gel are nearer to the value of Ca-gel; hut the 
values are slightly less in the case of the mixed gels and greater in case of 
Si 0 9 - According to Keen (" The Physical Properties of the Soil,” p. 190) 
however, the value of Anderson for H-clay is probably incorrect. 

The gels of Al a 0 3 and Fe 9 0 3 , saturated with' different cations are 
electropositive between the pa range indicated (Table II). The order of 
effect of ions is again reversed in this case, being elcctrodyalised gel >Ca >’ 
Mg >K >Na. Thus the effect of ions is quite marked in the value of 
mobility of the gel particles. 



P. B. BHATTACHABYYA 




pm values of the gels, saturated with different cations, are given in 
Tablet I and II. The pm values of pure SiO*, both gel and powder and of 
the supernatant liquid, have been given in Part I. An observation of the 
values of SiO* gel might suggest that the gel after saturation with 
the chlorides and continued washing till fee from chlorine, may adsorb 
H-ions from water on partial displacement of the metal ion with which 
the gel has been saturated. 

It will be noticed that in all cases except in the case of SiOg gel, Na- 
saturated gel gives higher values than the K-saturated gel; and Ca-saturated 
gel gives higher value than the Mg-saturated gel. As expected, mono- 
patent cations influence the pm in the order of their hydration. But in case 
of bivalent cations this order of hydration does not hold. This may be 
ascribed to the special characteristics of Ca-saturated colloid observed by 
Gallay (Roll. Chem. Beih., 1925, 21 , 464) who pointed out that Ca- soils, 
both artificial and natural, differ from all soils through their greater sensiti¬ 
vity to electrolytes. This view has also been confirmed by Aamio (First Int. 
Cong . Soil Set., 1928, 2 , 65) who observed that the reaction of calcium 
clay in water solution was always higher than that of Mg- clay. 

It has been noted by various investigators that if a soil is adsorptively 
Saturated with the ions of Ca, Mg, Na, and K and if there is no free 
hydrolysed salt in a soil, then the soil is either neutral or basic. But 
percolation brings exchange of the cations with hydrogen ions of water 
and makes the soil at the same time more acid. It will be seen from the 
tables that the pm values of the gels never exceeded 7 and in case of 
SiOs-gel it became as low as 5 2. This low pm is evidently due to the 
continued leaching during washing of the gels after saturation when 
probably there was a partial exchange of the metal ions with hydrogen ion. 

My best thanks are due to Prof. J. C. Ghosh for suggesting this 
work and his continued interest and advice. 


Chsmtou, Laboratories, 
Univxxsity ot Dacca. 


Received March 31,1937. 



STUDIES IN ORGANO-ARSENIC COMPOUNDS. PART IV. 
HETEROCYCLIC RING CONTAINING ARSENIC. 

By Hirbndra Nath I)as*Gupta. 


Only a few heterocyclic compounds containing arsenic in the ring are 
known. It appears from literature that no attempt has hitherto been 
made to synthesise the arsenic analogue of indole. The synthesis of a 
compound of this type was thought to be interesting not only from theoreti¬ 
cal point of view but also from the expected therapeutic activity.* 

i-Chloroarsindole has now been synthesised in various ways but the 
present communication deals with its preparation directly from benzene 
and /8-chlorovinyldichloroarsine (C.rccn and Price, J. Chem. Soc., 1921, 
119 , 448). Two distinct types of compounds, viz., ( i) / 3 -chlorovinylphenyl- 
chloroarsine and, (it) /J-chlorovinyldiphenylarsine are formed along with 
a large quantity of liquid and solid by-products by the condensation of 
benzene and /J-chiorovinyldichloroai sine either alone at a high temperature 
or in the presence of anhydrous aluminium chloride at room temperature. 
The by-pioducts obtained are of diverse types, but only two could be 
isolated namely, (a) yellow crystals (m.p. 170") but containing no arsenic, and 
(b) a violet noncrystallisable compound containing arsenic. The identity 
of either compound could not be ascertained. 


CflHo + 


Cl v 

> As - CH:CH C 1 -* Ph As (CD'CH : CHC 1 
CK 

(I) 


Phj-As'CH : CHC 1 
(II) 


• n of preliminary experiments were hopeful and the procedure to be adopted 

was publi s h ed (Proc. Indian Science Congress, 1933, p. 169!. Mannich l/lrch Pham., 
1935,178, 375>, while studying tbe action of arsenic trichloride on j-phenyl-3-diethylamino- 
propine, obtained two different types of compounds, one of them being a derivative 
of arsindole and took no notice of the publication referred to above and consequently 
I note was published by the author ( J. Indian Chem. Soc., 1935, Iff, 6*7). 
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The synthesis of secondary and tertiary arsines by the above method 
is not uncommon. Thus benzene and arsenic trichloride give primary and 
secondary arsines (cj. La Coste and Michaelis, Ber., 1878, 11 , 1883; Annalen , 
1880, 301 , 184). La Coste (Inaug. Dissert ., Freiburg, 1879) and Wieland 
(Annalen, 1923, 181 , 30) have shown that the Friedel-Craft’s reaction may 
be.used for the preparation of primary, secondary, and tertiary arsines, 
the yield of the last one being the maximum. 

The analytical data of comj>ounds (I) and (II) are in close agreement 
with the theoretically calculated figures. To corroborate further the correct¬ 
ness of the structure of the above compounds the following syntheses 
were effected : 

PluMg Br + Plf As (Cl) CH : CH’Cl PhgAs'CH ; CHC 1 

(I) (II) 

Cl 

' 2?hMgBr + 

Cl 

In each case a tertiary arsine has been obtained which readily gives a solid 
mercuric chloiide double compound of the type Ph 2 As*CH = CHC 1 , HgCL 
having identical proi>erties. 

The conversion of /Lchlorovinylphenylchloroarsine into i-chloio- 
arsindole was effected by heating in dry carbon disulphide with aluminium 
chloride. The reaction is vigorous without any solvent and a reddish 
violet product of an indefinite nature is formed. 


As’CH : CHC 1 —> Ph./As CH : CHC 1 (II) 


As (Cl) CH : CHC 1 

Besides the analytical data the correctness of the structure of i-chloro- 
arsindole was established by oxidising it with dilute nitric acid to o-carboxy- 
phenylarsonic acid (c/. Lewis and Cheetham, J. Amer . Chcm. Soc., 1923, 
48,510; Bert, Annalen, 1922, 429 , 86, 111; G. P. 250264; Aeschlimann 
and McCleland, /. Chem. Soc , 1924, 135 , 2025 ; Rosenmund, Ber. f 1921, 
84 , 438). The o-carboxyphenylarsonic add does not melt up to 320° apd 


7 2 AsCl 
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its identity with that obtained from the usual sources was proved by it^ 
conversion into oxide and also hydrolysing the oxide to benzoic acid. 

Experimental. 

Interaction of Benzene and fi m ChloTovinyldichloToarsinc»——T\\c operation 
was conducted with or without aluminium chloride as follows: 

(t) A mixture of £-chlorovinyldichloroarsine (30 g.), dry benzene 
(10 g.) and anhydrous aluminium chloride (7 g.) in a flask, fitted with 
condenser and calcium chloride guard tube, was allowed to stand for some 
time when there was evolution of hydrogen chloride with rise in tempera¬ 
ture. The reaction was moderated by cooling the flask with ice-cold water. 
Occasionally application of heat was required to start the reaction. The 
deep brown reaction product was allowed to remain for 2 hours. It was 
next decomposed with cold dilute hydrochloric acid and the viscous brown 
product, thus obtained, was extracted first with ether and then with carbon 
tetrachloride. The extracts contained a violet solid which was removed. 
The ethereal extract was washed successively with cold dilute sodium carbo¬ 
nate solution, dilute hydrochloric acid and water, dried over calcium chloride. 
The solvent was nearly evaporated ofT, and the solution treated with ether 
when a precipitate was formed which was crystallised from acetone in 
needles, m-p. 170° (decomp.); as it contained no arsenic its identity was not 
sought for. It gives fluorescence with alcohol. The solvent was removed 
from the solution and the oil was fractionated, The principal fractions 
collected were at (a) 130-150°/5 mm. and ( b ) i8o-2oo°/5 mm. 

(it) A mixture of benzene (25 c.c ) and £-chlorovinyldichloroarsine 
(35 c.c.) was refluxed at 150-60° for 36 hours and the resulting product was 
extracted with ether and the ethereal solution was washed as described above 
and the oil obtained was fractionated. Two fractions were collected 
(1) at i28-i48°/4 mm., (2) 178-195 °U mm. 

P-Chlorovinylphenylchloroarsine.— The fraction, b.p. 130-150/5 nun. 
was redistilled in vacuo through a long fractionating column when a 
light yellow product was obtained, b.p. 138-42° /3111m. It was identified 
and proved to be analogous to the compound obtained from phenyldichloro- 
arsine and acetylene (to be communicated later) by its conversion into the acid 
and determining the mixed m.p. The compound possesses an unpleasant 
odour but is not so irritant as the parent substance. [Found: C, 38*1; 
H, 2*5; Cl, 28^4; As, 30 3; M.W. (cryoscopic in benzene), 246*8. Calc, 
for C 8 H 7 Cl fl As : C, 38*5; H, 2*8; Cl, 28*5; As 30*12 per cent. M. W., 249 J- 
P-ChlorovinyIdiphenylarsine. —The fraction, b.p. i8o*2io°/5 mm., was 
redistilled at 190-98°/3 mm. as a yellow viscous oil. This was identified 

8 
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by its synthesis from bromobenzene and / 3 -chlorovinyldichloroorsine: 

To the Grignard reagent from bromobenzene (15 g.), magnesium 
(a‘4 g.) in absolute ether (100 c.c), 0-ehlorovinyldichloroarsine (10 g.) 
in dry ether was added drop by drop with shaking. The reaction 
mixture was heated for 1 hour on a water-bath, cooled and decomposed 
by ice-cold dilute hydrochloric acid. The ethereal layer was removed and 
the aqueous layer extracted with more ether. The extracts were washed 
successively with dilute sodium hydroxide solution, dilute hydrochloric acid 
and water and was dried over fused calcium chloride ; the ether evaporated 
off in an atmosphere of carbon dioxide and the residual oil was distilled at 
198-205'/3 mm. During distillation white fumes were evolved and solid 
particles were found to be deposited on the delivery tube. The distillate 
was turbid and it was found to be insoluble in alcohol. It was shaken 
with excess of alcohol, and the lower layer was removed, dissolved in ether 
and filtered. The ether from the filtrate was evaporated off and the liquid 
distilled. The fraction (small in quantity) up to 195 0 /3 mm. was collected 
separately and the main bulk distilled at 195-98°/3 mm. In a similar manner 
this compound was prepared from phenyl magnesium bromide and 
jS-chlorovinylphenylchloroarsine. 

It is a viscous yellow oil possessing slightly offensive odour. It causes 
blister on the skin. [Found: C 57 6; H, 3 9; Cl, 12*5; As, 25*2; M.W. 
(cryoscopic in benzenel, 288 9. C14H15CI As requires C, 57*8; H 4*1; 
Cl, 12*2; As, 25*8 per cent. M.W., 290*5]. 

P-Chlorovinyldiphenylarsinc Mercuric Chloride .—On mixing mole¬ 
cular proportions of jS-chlorovinyldiphenylarsine and mercuric chloride 
m ether a white precipitate appeared which was filtered off, finely 
powdered and washed with excess of ether. It was dissolved in chloroform 
and precipitated by ether and was crystallised from excess of alcohol, m.p. 
238°. The mixed melting point of this compound and that prepared from 
txmzene and /J-chlorovinyldichloroarsinc was also found to be 238°. 
(Found: Hg, 35 5. C14H12CI3 As Hg requires Hg, 35*6 per cent). 

t-L r hloroarsindole. — 0 -Chlorovinylpbenylchloroarsine (22 g ) and anhy¬ 
drous aluminium chloride (10 g.) were dissolved in absolute carbon 
disulphide and heated for 7 hours. The evolution of hydro¬ 
gen chloride was slow and uniform throughout this period and 

the colour of the mixture changed to deep brown. On keeping the 

reaction mixture overnight, two layers separated,the lower one being deep 
brown in colour and the upper one colourless. The mixture was 

decomposed by. dilute hydrochloric acid. The carbon disulphide layer was 
separated andf the acid layer was extracted several thqes first with cgrboq 



sWjDIBS iN ORGANO-ARSmu COMPOUNDS 236 # 

tetrachloride * and then with ether. The different extracts were filtered 
and the solvents evaporated off in an atmosphere of CO* under reduced 
pressure* The residual brown oil was distilled at 100-75°/6 mm. This was 
redistilled and the following fractions were collected: (a) 100-125*73 mm* 
(light oil, 1 c.c.); (b) 130-145° (yellow oil, 63*5 c.c.). The fraction, b.p. 

1 30-45° 1 was redistilled using a long fractionating column when a light yellow 
oil was obtained at 128-35° /3 mm * It has a very penetrating odour and has a 
very strong corrosive action on the skin. The compound is found to be 
soluble in the common organic solvents. It darkens when kept exposed to 
the action of light. [Found: C, 44 9; H, 27; Cl, 16*3; As, 35*5; M.W. 
(cryoscopic in benzene), 215; CgHgClAs requires C, 45*1; H, 2*8; Cl, 167; 
As, 35*2 per cent. M.W., 212 5]. 

i-Mcthylarsindole . 

AsMe 

co 

To the magnesium compound from methyl iodide (4 g.) magnesium 
(0*6 g) and dry ether (40 c.c.). i-chloroarsindole (5 g.) in ether was added 
drop by drop. The resulting mixture was heated on a water-bath for 
3 hours and allowed to stand overnight. The mixture was decomposed 
with water and dilute hydrochloric acid. The yellow ethereal layer was 
removed and the coloured aqueous layer was extracted several times with 
ether till it was perfectly colourless. The ethereal solution was filtered 
and the ether evaporated off when a golden yellow oil was obtained possess¬ 
ing the characteristic smell of phenyl mustard oil. This was distilled 
at i42-45°/6 mm. [Found: C, 55-9; H, 4*8; As, 38*8; M.W. (cryoscopic), 
189. C9H9A8 requires C, 56*2 ; H, 4*6; As, 39 06 per cent. M.W., 192]. 

i -Dimethy l iod oarsind ol e . 


CH 3 CH s I 

\ I / 

As 
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r-Mcthylarsindole was heated for i hour on a water-bath with excess of 
tpethyl iodide, when crystals separated. The crystals were collected and 
crystallised from alcohol in yellow beautiful needles. It decomposes at 
316-18° but does not melt upto 320*. (Found: As, 22*4. CioHijIAs 
requires As, 22*4 per cent). 

I'Methylarstndoh Mercuric Chlortdc. —An ethereal solution of 1-methyl* 
arsindole was added to molecular proportion of mercuric chloride in the 
safne solvent The white precipitate was repeatedly washed with ether, 
dried and crystallised from alcohol in white silky needles, m.p. 150-51 °. 
(Found: Hg, 43*03. C 9 H e CljAs Hg requires Hg, 43*1 per cent). 

Oxidation of i-Chloroarsindolc. —i-Chloroarsindole was treated with 
excess of dilute nitric acid (60%). When the vigorous reaction sub¬ 
sided the reaction mixture was heated to dryness on a water-bath. The 
residue was dissolved in dilute sodium hydroxide solution and o-carboxy- 
phenylarsonic acid was precipitated by dilute hydrochloric acid as a 
colourless solid. It was crystallised from water as colourless glistening 
plates, not melting up to 320°. It was converted into oxide by reducing 
the aqueous solution of the acid by S( >2 and HI at 6o° and also hydrolysing 
the oxide to benzoic acid. 

My thanks are due to Dr. M. Ooswami and to Mr. B. C. Ray for their 
keen interest in this investigation. 

Tnivkhsity Cnuunt ok Sciknck and Tschnoux.y, 

Dkpartmknt ok ApfliM) Chkmistky, Received February 17,1937. 

CuxTTtA 



SYNTHESIS OF NEW LOCAL AN/ESTHETICS. PART II. 


By Kidar Nath Gaind, Abdul Wahab Khan and Jnankndra Nath R1y. 


In part I of this series (/. Indian Client. Soc., 1937, If, 13) some esteis 
of a-acyloxy-/J-aminoalkylfscbutyric acid have been described which are 
endowed with local anaesthetic property. In the present investigation \vc 
have synthesised some compounds possessing the following general formula: 

CH» CHfl 

CH,<^_^>N - CH, 

h,c ch 2 

(I) 


yO-COR' 

c < 

I n C(K)R 
Me 


The starting material was a-hydroxy-^-chloroiiobutyric acid described in 
Parti. 

The a-hydroxy-| 3 -chloro/sobutyric acid was first esterified with various 
alcohols (ethyl, propyl, isopropyl and benzyl alcohols) and the resulting 
esters were heated with piperidine in dry benzene solution under pressure, 
at ioo°. The crude condensation products (unpurifiable liquids) were, 
directly acylated with benzoyl chloride or />-nitrobenzoyl chloride. The 
hydrochloride of the acylated base (I) was purified and the products in the 
rase of f>-nitrobenzoyl derivatives were further reduced to the corresponding 
atninobenzoyl derivatives. 

An alternative scheme was followed in which chloroacetone was 
condensed with piperidine to get piperidinoacetone previously described by 
Stoermer and Burkert (Der., 1895, 28 , 1200). It formed a bisulphite com¬ 
pound, which reacted with potassium cyanide solution to give 
/ 3 -piperidino-o-hydroxyisobutyronitrile (III). The hydrolysis of the 
nitrile with acids did not succeed as the substance decomposed into 
piperidine and the aliphatic component when the ester hydrochloride was 
treated with mildest of alkali. 


C H, CH , 

CH,< ^^ y-CHsCOMc 

HsC~CHs 


<n) 


CHgCH, r,TT 

CH,<f \n-CH*'C\ 

1 XN * 


CH* CH, 

(in) 


Me 
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The products described in the paper have strong local anaesthetic 
property, the toxicity and other details are being investigated at the King 
George Medical College, Lucknow A full account of these will appear 
elsewhere. 


Experimental. 

Eihyl a-Benzoylozy-fi-pipeiidinoisobuiyrate . — Ethyl /?-chloro-a- 
hydroxyirobutyrate (8 g., b.p. S^/n mm.) ( cf . Fourneau “Organic 
Medicaments/' 1925, p. 222) and piperidine (8*2 g.) was heated in ben¬ 
zene solution (50C.C.) under pressure at 100 0 for 6 hours. After the 
removal of precipitated pii>cridine hydrochloride, the filtrate was washed 
with water, dried, solvent removed and the residue (5'5 g.) was directly 
heated with benzoyl chloride (5 g.) in toluene solution for 3 hours on an 
oil-bath. The cooled product was left at o° for 12 hours. The separated 
solids were filtered and washed with dry ether and finally crystallised 
from hot acetone in needles, m.p. 128°. (Found : N, 3*95 ; Cl, 10*28. 

O4NCI requires N, 3 94; Cl, 9*98 per cent). 

Hydrochloride of Ethyl u-p-N tlrobcnzoyloxy-ft-piperidinoisobutyrate .— 
(I, R — Et, R' » C c H4*NQ 2 ).—A mixture of o-nitrobenzoyl chloride (9g.), 
ethyl a-hydroxy-) 3 -piperidinoisobiityrate (8'6 g.) and toluene (100 c.c.) was 
heated on the oil-bath for 2J hours. The product w T as isolated as described 
before. The hydrochloride crystallised from acetone—alcohol or from hot 
acetone in needles, m.p. 76% yield 14*7 g. The substance crystallised 
with a molecule of acetone. (Found: N, 6*21 ; Cl, 74. Cj 8 H2 5 O r ,N 2 Cl, 
CaHtjO requires N, 6*1 ; Cl, 7 7 per cent). The substance on heating 
gives off acetone which was qualitatively tested and established. 
[Found (in the material dried in high vacuo at 68°) : N, 6 75 ; Cl, 8*5. 
CiflHj^OflNgCl requires N, 6*9; Cl, 8*8 per cent). 

Ethyl a-p*Aminobcnzoylo\y-P-piperidino\sobulyralc .—The foregoing 
nitro ester hydrochloride (5 g.) was catalytically reduced in alcohol with 
platinum oxide and hydrogen. The solution after reduction was filtered 
and three-fourths of this solvent removed in vacuo. The residue was 
left in vacuo . After three days, crystallisation was complete. The 
product was washed with dry ether. It could not be satisfactorily 
recrystallised as considerable loss of material occurs, m.p. ios°. (Found : 
Cl, 9*1. CiaHs 7 04N t Cl requires Cl, 9*5 per cent). 

Propyl a.® enzoyloxy-fr> pipcridinoiaobulyrate.~Tke acid (15 g.) was 
esterified with propyl alcohol in the usual manner, b.p. ra’o°/*5 mm. 
(Found : Cl, 19*49. CtHi*O s Cl requires Cl, 19*6 percent), A mixture of 
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the foregoing ester (9*8 g*)* piperidine (10 g.) in benzene was heated under 
pressure as described before. The crude product was benzoylated by heating 
with benzoyl chloride in toluene solution. The hydrochloride (I, R^CsHt, 
B/ = Ph) was crystallised from acetone-ether mixture, m.p. ns 9 * 
(Pound: Cl, 9*8. C19H28O4NCI requires Cl, 9*6 per cent). 

The preparation of (I, R = iso C 3 H 7 , H in place of R'CO).—isoPro- 
pyl 0 -chloro-a-hydroxyt$obutyrate (cf. Parti) (9*3 g ), piperidine (9g.) in 
dry benzene (5 c.c.) was heated at ioo° under pressure for 6 hours. Th$ 
precipitated piperidine hydrochloride was removed and the benzene solution 
well washed with water, dried and the solvent removed- The residual oil 
in ether was converted into the hydrochloride by ethereal hydrogen chlo¬ 
ride and the precipitated solids were crystallised from a mixtute of ether 
and alcohol, m.p. 115 0 . (Found: Cl, 136. C12H24O3NCI requires Cl, 
i3'4 per cent). 

Hydrochloride of iso Propyl a- Bcnzoyloxy-P~ piper idinoisabuty rate 
(I, R ; = Ph, R = iso- C3H7) was converted into the free ester 
(2 g.) and was heated with benzoyl chloride (1*5 g.) at 130° for 1 
hour. After cooling the reaction mixture was kept in contact with dry ether 
at o° for 12 hours. The solids were collected and crystallised from a mix¬ 
ture of hot acetone and ether,m.p. 156°. (Found : Cl, 9*32. C10H28O4NCI 
requires Cl, 9*6 per cent). 

Hydrochlordc of iso Propyl p-Nitrobcnzoyloxy’P-piperidinoisobutyiatc. — 
/>-Nitrobenzoyl chloride (5 g.) in dry toluene (50 c.c.) was heated with iso¬ 
propyl ; tt-hydroxy-/ 3 -piperidino isebutyrate (5*1 g.). The product, isolated as 
described before, was crystallised from a mixture of acetone and alcohol in 
needles. m,p. 61 °- (Found : N, 6*54; Cl, 8’3o. Ci 9 H2 7 O fl NaCl requires 
N, 6*76; Cl, 8*56 per cent). 

The foregoing nitro compound was reduced with platinum oxide cata¬ 
lyst as described before but the product could not be satisfactorily recrys¬ 
tallised as it was extremely hygroscopic. 

Hydrochloride of Benzyl a-Benzoyloxy-P-pipcridinoisobutyrate, —Benzyl 
j 3 -chloro-a-hydroxyirobutyrate (cf. Part I) (7 g.) and piperidine (55 g.) was 
condensed and the product isolated in the usual manner. The crude product 
(1 g.) and benzoyl chloride (0 7 g.) were heated at 150° for 2-3 hours. The 
semi-solid mass obtained after the addition of ether,-solidified on keeping at 
o* for 2 weeks. It was recrystallised from a mixture of ether and alcohol, 
m.p. 195-97 0 . (Found : Cl, 8*7. "C23H28O4NCI requires Cl, 8*5 per cent). 

Piperidmoacetone was prepared by the method of Stoermer and Burkert 
(Jpc. cit.). (Oxime, m.p. 104* ; phenylhydrazone, m.p, 63°). 
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fi-Piperidino^-hydroxy iso bvtyronitrile ,~Piper idinoacet one(13 g*) was 
shaken with a solution of sodium hydrogen. sulphite (18 g. in i8c*c« 
of water) in the cold. A solution of potassium cyanide (10 g. in 10 c.c. 
pf water) was added with shaking, the temperature was not allowed 
to exceed 5 0 . The separated oil was extracted with ether and then the 
solvent removed, yield 6*5 g. It decomposes on distillation under reduced 
pressure. The foregoing nitrile was hydrolysed to the ester in absolute 
alcoholic solution with hydrogen chloride by boiling for 1 | hours* On 
treatment with sodium carlxmate solution the ester hydrochloride 
decomposed into piperidine and ethyl a/Ldihydroxyi$obutyrate. 

One of us (K.N.G.) is indebted to the Lady Tata Trust for a scholarship 
which enabled him to take part in this investigation. 

Th« University Chemical Received February 20 , 1937. 

Laboratories, Lahore 


IND1G01D VAT DYES OF THE 1SAT1N SERIES. PART II. 
3-lNDOLE-2'.(6'-METHYL)-THIONAPHTHENEINDIGOS. 

By Sisir Kcmak Guha. 

It has been found from a study of the tinctorial properties of 
2-(5-methyl) thionaphthene-acenaphthylene-indigos (Guha, J. Indian Client. 
Soc., 1933, 10 ,679) and those of the corresponding 2-(6-methyl) derivatives 
(Guha, ibid., 1936, 13 , 94) that Martinet's rule (Rev. Gen. Mat. Col., 1921, 
33 . 17) is applicable to 2-thionaphthene-acenaphthylene indigos (Bezdzik and 
Friedlander, Monatsh , 1908,20, 386; K. P. 344/08; G. P. 226244; Mayerand 
Sch&nfelder, Bet., 1922, 85 , 297:; G. P. 213504; li. P 20003/08; Guha, 
J. Indian Client. Soc., 1932,8, 423) as far as one methyl group in the 
thionaphthene part of the molecule is concerned. Further, Guha and 
Basu-Mallik prepared 3-indole-2'-(5'-methyl)-thionaphthene indigos (]. Indian 
Chem. Soc., 1934, 11 , 395) and showed that these indigoid dyes impart deeper 
shades on cotton and on wool than those of the 2>(5-methyl)-thionaphthene- 
acenaphthyleneindigos (Guha, loc. cit.). 
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In view of these observations, the present work was undertaken with 
the object of preparing 3 -indole- 2 '-( 6 '-methyl)-thionaphtheneindigos and 
comparing them with those of the corresponding s'-methyl derivatives 
(Guha and Basu-Mallik, loc . cit.). It was also intended to examine how 
far Martinet's rule is obeyed by 3-indole-2'-thionaplithene indigo, commercially 
known as Thioindigo Scarlet R (Bezdzik and Friedlander, Monatsh ., 1908, 
29 , 376; E. P- 17162/06; G. P. 241327) and its derivatives (Ciba Red G, etc., 
E. P. 19158/07 and G. P. 277358) having one methyl group present in the 
thionaphthene nucleus of the molecule. 

6-Methyl«3-hydroxythionaphthene (Friedlander, 9 , 589; Auwers and 
Thies, Ber., 1920, 53 , 2293) has, therefore, been condensed with isatin, 
5-chloro-, 5-bromo-, 5.7-dibromo-, 5-bromo-7-nitro-, and 5:7-dinitroisatin 
and the corresponding vat dyes obtained easily. All of them when 
rubbed develop a beautiful lustre, although not copi>ery like ordinary 
indigo. This property is also exhibited by the corresponding 5'-methyl 
derivatives (Guha and Basu-Mallik, loc. cit.) now studied by the present 
author for comparison. They resemble the corresponding 5'-methyl 
derivatives in solubility, in the action of heat above 310° and 
in the action of cold concentrated sulphuric acid in producing 
characteristic colouration. Most of these dyes possess well-developed 
dyeing properties. All of them dye wool from an acid bath producing 
uniformly and fully developed shades. They dissolve in alkaline 
hydrosulphite giving vats, the colours of which are similar to those of the 
corresponding 5'-methyl compounds, and from these vats the original dyes 
are reprecipitated on oxidation. The colours imparted on cotton by the 
mother compound, its chloro, and bromo derivatives are slightly lighter 
than those of the shades of the original substances but in case of dibromo, 
bromonitro, and dinitro derivatives uniform deep shades have been 
obtained. 

These 3-indole-2M6'-methyl)-thionaphtheneindigos are decisively much 
lighter in colour than the analogously composed 5'-methyl derivatives 
(Guha and Basu-Mallik, loc . cit.), a result in conformity with Martinet's 
rule. It has also been found that the 6'-methyl dyes obtained from isatin, 
5-chloro-, and its 5-broino derivatives developed colours 011 cotton and on 
wool which are deeper than those of the nearly corresponding 6-methyl- 
compounds in the acenaphthenequinone series [c/., 2-(5-methyl)-thionaph- 
thene-acenaphthyleneindigos and 3-indole-2'-(5'-methyl)-thionaphthene- 
indogosi Guha and Guha and Basu-Mailik, loc . cit.]. 

The colours obtained from the dyes mentioned in this paj>er and 



242 


8. K. GUHA 


those from the corresponding s'-methyl derivatives (Guha and Basu- 
Mallik, loc. cit ), are compared in the following table. 


Substances. 

Colour on wool 

Colour on cotton. 

r 3-Indoifa'. (6'-niethylMhicmaphthene- 
indigo 

Red 

Light red 

3-Indole-2'-(5'-raethylMhionaphthene- 

indigo 

Brilliant 
scarlet red 

Light red 

3- (5-Chloro) -indole^'- (6'-metbyl) -thio- 
naphtheneindigo. 

Red 

Red 

3- (5-Chloro) -i ndole-2'. (s'-methy I) -t h io- 
naphtheneiudigo. 

Scarlet red 

Scarlet red 

3 -(,S-Hromo) -in<kile-2'-(6-methvl)-thio- 
nnphtheneindigo. 

Red 

Red 

3-(5-Hromo)-indole-2'* (.s'-methyh-thio- 
naphtheneindigo. 

Scarlet red 

Scarlet red 

3.(5 :7-J)ibronio)-indole-2'-(6'-methyl)- 
thionaphtheneindigo. 

Light scarlet 
red 

Scarlet red 

3.(5 :7-Dibronio)-indole-2'-f.s'methyl) - 
thionapht he nc indigo 

Deep red 

Deep red 

3-(5-Bromo-7-nitro) -indole-2'- (6'-mcthyl)- 
thioimphtheneindigo. 

Red 

Dark red 

3*(5-BronK»-7-nitro) -indole-2'- (5'-niethyI)- 
thionaphtheneindigo. 

Dark red 

Dark red 

3.(5 :7-Pinitro) -indole-2'.(6'-methyl)-tbio- 
naphthencindigo. 

Blood red 

Dark red 

3.(5 :7-I)initro)-indole-2'-(5 , -methyl)-thio- 
nnplithcneindigo. 

Dark red 

Dark red 


Further work for studying the preparation and properties of 3-indole. 
2'-(4'-incthyl)-thionaphtheneindigos has been undertaken. 

Experimental. 

The itidigoid dyes have been prepared by a method similar to that 
described by Huha and Basu-Mullik (loc. cit.) for the preparation of 
3-indole^-(5'-methyl).thionaphtheneindigos. 

$-Indole- 2 f -( 6 , -mclhyl)-thionaphthencindigo. 


° / rf = 

\/xA:o 

7 NH 


it 


CO 

<?: ~ 1 1 
s 


> 55 \ y /Me 
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It was prepared from isatin (0*735 g») and 6-methyl-3-hydroxythio* 
naphthene (0*82 g.) in 60 c.c. of glacial acetic acid and 4 c.c. of concentrated 
hydrochloric acid. It separated in silky scarlet bundles of sharp needles. 
The product (1*194 g.) crystallised from glacial acetic acid in silky red 
crystals. It is moderately soluble in benzene, acetone and chloroform. It 
dyes wool in red shades from an alkaline hydrosulphite vat. (Found : 
S, 11*33. CjjHi j 0 2 NS requires S, 10*92 per cent). 

3-{5-Chloro)-indole-2 , -(6'-mctkyl)-thionaphthencindigo separated as 
long red needles by the condensation of 5-chloroisatin (0*544 g.) and 
6-methyl-3-hydroxythionaphtliene (0*492 g.) in 115 c.c. of acetic acid and 
5 c.c. of concentrated hydrochloric acid. The dye (0-864 g.) crystallised 
from pyridine in clusters of deep red needles. It dyes both wool and 
cotton in red shades. (Found: Cl, 10*85. Ci 7 Hi 0 O 2 NC 1 S requires Cl, 
10*83 ^ cent). 

y(yBromo)’indole-2 , -(6 , -mcthyl)-thionaphthcncindigo was obtained as 
long silky red needles by reacting 5-bromoisatin (0*452 g.) and 6-methyl- 
3-hydroxythionaphthene (0 328 g.) in 75 c.c. of acetic acid and 5 c.c. of 
concentrated hydrochloric acid. The substance (0-652 g.) was crystallised 
from pyridine in fibre-like deep red long needles when it lost its silky lustre. 
The dyeing shades on wool and on cotton are similar to those of the chloro 
compound but is slightly deeper in each case. (Found : Br, 21-13. 
CitH! 0 () 2 NBrS requires Br, 21*51 per cent). 

y(5:7-Dibromo)’indole-2 , -(6 f -mcthyl)-thionaphlhcncindigo separated irom 
5*.7-dibromoisatin (o*6i g.) and the methylhydroxythionaphthenc (0*328 g.) 
in 100 c.c. of acetic acid and 5 c.c. of concentrated hydrochloric acid in 
deep red fibre-like small needles. The dye (0*819 g.) crystallissd from 
nitrobenzene in beautiful foliated needles. It dissolves in strong sulphuric 
acid with an olive-brown colour. It dyes wool in light scarlet-red shades 
and cotton in scarlet-red shades. (Found : Br, 35*39. ) 2 NBr 2 S 

requires Br, 35-47 per cent). 

y(yBromo-7-nitro)-indole-2 , -(6 , -melhyl)-thionaphtheneindigo was pre¬ 
pared from 5-bromo-7-nitroisatin (0*813 g.) and 6-methyl-3-bydroxy-thio* 
naphthene (0*492 g.) in 95 c.c. of glacial acetic acid and 6 c.c. of concen¬ 
trated hydrochloric acid. The light scarlet-red substance (1*099 g.) sepa¬ 
rated from pyridine in fine hair-like nee&les. It dissolves in strong sulphuric 
acid with a yellowish-green colour. It dyes wool in red shades and cotton 
in dark red shades. (Found : Br, 19*43* C,7H 9 0 4 N*BrS requires Br, 19.18 
per cent). 

y($:7*Dinitro)-indole-2 t -(&-tnethyl)-thionaphlheneindigo.—The dark red 
crystalline precipitate (0*692 g.), obtained from 67-dinitroisatin (0*474 «*) 
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and 6 -rnethyl- 3 -hydroxythionaphthene (0*328 g.) in 65 c.c. of acetic acid 
and 3—4 c.c. of concentrated hydrochloric acid, separated from pyridine 
in fine needles. It dissolves in strong sulphuric acid with an olive-bi'own 
colouration. It dyes wool in blood-red shades and cotton in dark red 
shades. (Found : S, 8 45. Ci rHyOoNaS requires S, 8*35 per cent)* 

Chemical Laboratory, 

Scirnce College, Received February 25,1937. 
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Offloial and Tentative Methods of Analysis of the Association of 
Offioial Agricultural Chemists, Fourth Edition, 1935. Published by the 
Association of Official Agricultural Chemists at Washington D. C. 
Pp. 710. Price $5*50 (foreign). 

“ The fourth issue*** is presented***to the public in accordance with 
the plan to publish a revision every five years.*** 

The general arrangement of subject matter follows the plan adopted 
for the second and third editions. Certain unsatisfactory methods have 
been omitted ****. The methods for beers, wines and distilled liquors, 
which constitute Chapter XVII in the third edition, have l>een assembled 
in three chapters entitled, respectively, Malt Beverages, Sirups and Extracts, 
and Brewing Materials ; W T incs ; and Distilled Liquors. Two chapters of 
the third edition, i.c. t XIII Fibres, and XIV Paper and Paper Materials, have 
been deleted because at the present time the work 011 the materials is not 
considered to be of sufficient importance to enough members of our Associa¬ 
tion to warrant co-operative referee work, and further because such methods 
are being satisfactorily studied elsewhere. 

Attention is called to a few of the additions to the methods which have 
special significance. In Chapter I, Soils, the method for the determination 
of selenium is timely, as is also the method for the determination of the 
acid-forming and non-acid-fonning quality of fertilizers, in Chapter II, 
Fertilizers, because these subjects have assumed special importance during 
the last two years. The method for the determination of the phenol co¬ 
efficient of disinfectants, included in Chapter VI on Insecticides and 
Fungicides, is an example of a departure into a field of more unusual methods. 
Chapter XII, Plants, has been materially revised and enlarged, and now 
includes a method for the determination of lignin. Methods have also been 
added under the chapter heading ‘Nuts and Nut Products/ 

The method for the determination of lead given in the chapter on 
Baking Powders has been deleted. Only the comprehensive method for 
lead in Chapter XXIX, Metals in Foods, has been included. The vitamin 
D assay by preventive biological test in Chapter XXVII, Crain and Stock 
Feeds, should be noted, as should also the revised and rearranged 
Chapter XXXIV, Sugars and Sugar Products. 
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Another innovation which should later make a valuable addition to 
the book is Appendix I, which presents methods for the preparation and 
standardization of solutions. At present only procedures for hydrochloric 
acid and alkali are given, but with the appointment of a referee on this 
subject other material will soon be available. A revised and enlarged section 
on definitions of terms and interpretation of results on fertilizers and liming 
materials constitutes Apj>endix II.’* 

The above extracts taken from the preface indicate the main additions 
and alteiations made in the present edition as compared with the previous 
edition. This standard publication needs no introduction and the present 
edition will l>e found as authoritative and useful as, if not more than, its 
predecessors. It will j>erhaps be useful even at the expense of making 
this review lengthy to indicate the additions and alterations in some detail. 

Chap. I. Methods of determination of arsenic and selenium have been 
added. The method of determination of iodine has been des¬ 
cribed in more detail. 

Chap. II. Methods of determination of moisture by distillation with 
toluene, water insoluble nitrogen in cyanamide, total magnesia 
and acid-forming and non-acid-forming quality fertilizers, have 
been added. The chapter has been rearranged. 

Chap. VI. A method of determination of phenol coefficients of disin¬ 
fectants has been added. 

Chap. VIII. The sections on rosin and turpentine oil have been enlarged. 
Cnap. IX. Sections on oleoresinous varnishes, raw linseed oil and boiled 
linseed oil have been added. 

Chap. XII. Methods of determination of sodium and potassium, iodine, 
selenium, ammonia in tobacco, free nicotine in tobacco and 
lignin have been added. The chapter has been revised and 
considerably enlarged. 

Chap. XVI. The section on methyl alcohol has been enlarged and a 
• sulvsection under ‘Cordials and Liquors' added. 

Chap. XVII. The sections on lead and fluorides have been omitted. 

Chap. XIX. A section on silver number of detection of cocoanut and palm 
kernel oils has been added. 

Chap. XX. Sections on benzoyl peroxide bleach in flour, detection of 
rye flour in wheat flour, diastatic activity of flour, viscosity of 
acidulated flour and milk solids in bread have been added. 
The chapter has been considerably enlarged. 

Chap. XXII. Sections on sediment test, lactose in process cheese and 
gums in cheese have been added. 
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Chap. XXIII. Methods of determination of dextrose and sucrose and 
glycerol and sections on acidity of ether extract and ammonia 
nitrogen have been added. 

Chap. XXVI. Sections on iaevo-malie acid and inactive malic acid have 
been added. 

Cnap. XXVII. Sections on protein, cyanogenetic glucosides in feeds 
and similar materials have been enlarged and a section on 
vitamin D assay by preventive biological test has been added. 
Chap. XXIX. The sections on arsenic and lead have Ixjcn enlarged 
and a section on mercury has been added. 

Chap. XXX. It is a new chapter. 

Chap. XXXI. A section on cotton seed has been added. 

Chap. XXXIII. The section on volatile oil has lx?en enlarged. 

Chap. XXXVII. A sub-section on flourides under ‘Potable Waters' has 
been added. 

Chap. XXXVIII. A gama ray method has been added. 

Chap. XXXIX- The sections on elixir of terpene hydrate, ipomea, jalap, 
podophyllum and aloin have been added and the section on 
bio-assay of drugs has been enlarged. 

An appendix on standard solutions has t)cen added. 

J. N. M. 

Drilling Mud; Its Manufacture and Testing By P. Evans, M.A., 
F.O.S., M. Inst. P.T. and A. Reid, M.A., A.M. Inst. P.T. Published 
by the Mining and Geological Institute of India, Calcutta. Pp. 263. 
Price Rs. 13 or 195. 6 d. (including postage). 

The work under review forms volume XXXII of the Tiansactions of 
the Mining and Geological Institute of India. It is divided into parts 
Part I dealing with the manufacture, maintenance and reconditioning of 
‘drilling mud' and Part II with the testing and the study of its various 
physical properties. These properties include specific gravity, viscosity, 
thixotropy, surface tension, stability, salinity, acidity and alkalinity, size of 
the particles and plastering power. One of the most important proj>erties 
of drilling mud is its viscosity, about which much confusion exists in the 
literature both regarding measurement and interpretation of results. The 
authors have discussed this subject very comprehensively and have 
emphasised, very correctly indeed, on the necessity of recognising at least 
two factors, viz., the ‘yield value' and the 'mobility' in the determination 
of resistance to flow of mud fluid through narrow tubes. Thixotropy is a 
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phenomenon of fairly common occurrence in drilling mud and when a 
thixotropic 'sol' sets to ‘gel', the process is accompanied by changes in 
viscosity. This phenomenon and its possible bearing on the variable 
viscosity observed in plastic flow have also received careful treatment in 
this paper. The text is well illustrated and the references cover a wide 
range of relevant literature. The detailed lists of contents and the complete 
indices make it easy to turn to any of the subjects dealt with. The paper 
furnishes a good example as to how a problem of purely scientific research 
can yield results having important technical application. 

The Jiditor of the Transactions of the Mining and Geological Institute 
of India will welcome contribution to the discussion of the paper reviewed. 
The volume can be had from 

The Publisher, 27, Chowranghee, Calcutta, India, 
and 

The Institution of Petroleum Technologists, Aldine House. Bedford 
Street, Strand, London W.C. 2. 

B. N. G. 



OXIDATION OF SULPHYDRYL BODIES BY HYDROGEN 
PEROXIDE IN PRESENCE OF INORGANIC CATALYSTS. 
PART II. OXIDATION OF CYSTINE BY MEANS OF 
HYDROGEN PEROXIDE IN PRESENCE OF VANADIC 

ACID SOL. 

By J. C. Ghosh and B. C. Kar. 

In a previous paper (/. Indian Chem. Soc. t 1934, 11 , 485) the oxidation 
of cystine and dithiodiglycollic acid by means of hydrogen i*roxide in 
presence of tungstic acid and molybdic acid sols has been descril>ed. 
Oxidation of cystine by means of hydrogen i>eroxide can also be carried out 
in presence of vanadic acid sol. Cysteic acid has been isolated as the main 
product of oxidation. Ammonia, sulphuric acid and carbon dioxide in 
small quantities have also been detected. 

Experimental. 

Cysteic Acid. 

Cystine (2*5 g.) was dissolved in minimum quantity of pure strong 
hydrochloric acid and 100 c.c. of redistilled water were added. Hydrogen 
peroxide was added in slight excess, one molecule of cystine requiring five 
molecules of hydrogen i>eroxide to form cysteic acid. o*o5Af*sodium tungs¬ 
tate (2 c.c.) in the form of sol was then added and the reaction mixture was 
kept at room temperature (28-30°) with occasional shaking. After a few 
days when all the cystine was oxidised as shown by its absence when tested 
with uric acid reagent, the reaction mixture was evaporated slowly in a 
vacuum desiccator containing sulphuric acid at room temi>erature. Fine 
crystals of cysteic acid were obtained which were removed w T hen completely 
dry by extracting with absolute alcohol and recrystallised from w'ater in a 
desiccator. 

Estimation of Carbon Dioxide -—Carbon dioxide was estimated by the 
following arrangements as shown in Fig. 1. 



Fig. 1. 




250 


,T. C. OHoSH AND B. C. KAR 


A and B are two glass stoppered U-tubes filled with soda lime to absorb 
atmospheric carbon dioxide and C is the reaction chamber fitted with a 
rubber cork through which the inlet and outlet tubes and a small glass 
stoppered separating funnel pass. D and E contain calcium chloride to 
absorb moisture. F and (1 are two other glass stoppered U-tubescontaining 
soda lime. In V carbon dioxide from the reaction chamber is absorbed. 
G is the guard tube. All the tubes are joined by means of pressure tubes 
and made air-tight by coating the joints with paraffin wax. 

Cystine solution (8 c.c.) in hydrochloric acid containing 0 25 g. 
cystine and hydrogen iteroxide solution (5 c.c.) containing peioxide 1*5 
times the theoretical amount to form cysteic acid were placed in the reaction 
chamber and tightly filled. Air w'as then drawn through the whole 
apparatus for 1 hour at a slow rate by means of an aspirator to remove 
the carbon dioxide initially present in the reaction chamber. The soda lime 
tube F was then very accurately weighed. Freshly prepared sol (2 c.c.) 
containing 1 c.c. oiAf sodium tungstate was then introduced through the 
separating funnel and shaken by bubbling air for a few* minutes and 
allowed to stand at room temi>eratiire for 36 hours. After that period 
carfxm dioxide was al>sorbed in F by drawing air for three hours. On 
weighing the tube an increase* in weight (4*3 mg/) was obtained. The 
control exf)eriment similarly carried out but without the sol gave an 
increase in weight of only 0*3 mg. 

Ammonia and Sulphuric Acid .—Ammonia and sulphuric acid can be 
easily detected in the reaction mixture, the former by Nessler’s reagent and 
the latter by barium chloride, keeping suitable control. 0*2Cl. of cystine 
gives alxmt 1 mg. of ammonia after 48 hours. 


Kinetics of Reaction , 

The methods of investigation are exactly the same as in the case of 
tungstic.acid and molybdic acid sols (c/. Ghosh and Kar, Joe. cit.). The 
sol was prepared by the addition of dilute hydrochloric acid to chemically 
pure sodium vauadate a few minutes before the experiment was begun. 


4NaVO a + 2HCI - Na« 0 , 2V, O* 4- aNaCl + H*< >. 


No spontaneous decomposition of hydrogen j>eroxide took place at low 
concentration of the sol used, 
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The sol itself liberates iodine from 
Fig. 2. 



a solution of {>otassiuni iodide in 
sulphuric acid. It has been 
found that the total amount of 
iodine liberated by a mixture of 
sol and hydrogen peroxide is 
equal to the sum of the two 
liberated separately. 

A correlation was, therefore, 
made in every experiment for 
the iodine lilierated by the sol. 
The results of kinetic measure¬ 
ments are given below. In all 
the experiments the concen¬ 
tration of sol is expressed in 
terms of NaVO*. Table I 
gives a typical experiment in 
detail. The velocity is repre¬ 
sented by a unimolecular equa¬ 
tion of the form, 


K = 



log 


a — x\ 
a ~ x 2 


Tabi.e I. 

Cone, of = 0*0385^. Cystine =» 0 00417M. NaV()« ** o'ooiM. 
£,1*1*15. Volume** 15 c.c. Temp. =31°. Composition of the reaction 
mixture: 3 c.c. of cystine+ 6 c.c. of HC1 + 3 c.c. of sol + 3 c.c. of H a () 2 . 



Time. 

o*oxN-thioe 0*^04 c.c. 
of reaction mixture. 

K. 


0 min. 

3*92 c.c. 


X. 

4 

3*89 

0*0012 (1 ft 2) 

2. 

43 

3*68 

o*ooi2 (2 Si 3) 

3 * 

88*s 

3*46 

0*00125 (3 ft 4) 

4 - 

128*5 

3*28 

0*0013 (4 ft 5) 

5 - 

172-5 

3.10 

0*00125 (5 ft 8) 

6. 

231*5 

2.90 



Mean 0*00124 
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Tahi.e II. 

Effect of varying the concentration of cystine. 


Temp. *31". pa—viS- NaV(>3 = oooi M. 


Initial cone, 
of cyatific. 

Cone, of Hj()j. 

K (mean) 

0*00417 M 

0*063/ 

0*00156 

0-00834 

o*o6 

0*00108 

0*01251 

0*058 

0.00091 


Table III. 

Effect of varying the concentration of H 2 (> 2 . 
Tump. *31°. Cystine*=o - oo4i7Af. NaVOg^o'ooiAf. 




jai -1*56. 

—. - „„ m*m ____„ 

/'II - 115 . 

Initial eolie. 
of !lfO*(A/) . 

0*0236 

0*048l 0*0776 

0*0236 

0*0385 0*06 

K 

.. 0*0008 

0*00U85 0*00095 

0*00093 

0*00124 0*00156 


When i, K is plotted graphically against i/cone, of hydrogen peroxide 
a straight line is obtained {ef. Fig. 2). 

Taki.k IV. Table V. 

Effect of varying the concentration Effect of varying the temperature. 

• of NaVO ;i . 

Temp.* 31 . £h=j* 56. />«=r5 6. Cystine* 0*00417M. 

Cystine=c.-<x>417 M. NaV( > 3 =0001M. 


Cone, of H|Oj. 

Cone, of NaVOs. 

1 

K 

I 

Temp. 

Cone, of 

K . 

0*02243/ 

0*0005 3/ 

1 

0*0004 

21* 

0*0253 M 

0*00037 

0*0236 

o*ooi 

0*0008 

31 # 

0*0236 

0*00080 

0*0243 

0*002 

0*0015 
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Tabuj VI. 


Effect of varying the />»». 


Temp. = 31°. 

Cystine= 0*00417 M . 

NaV() 3 = oooiJlf. 


ha(M) 

0*0236 

0*0236 

0.0243 

pH 


1*56 

2*3 

K 

o*oock;3 

0 otxvS 

0*00026 


Sodium tungstate and ammonium molybdate also catalyse the oxidation 
of cystine by means of hydrogen peroxide. But unlike them pure sodium 
vanadate is not capable of catalysing the reaction. 

Chemical Laboratory, 

The University, Kcecivcd March 31, 1937. 

Dacca. 



THERMOAGEING OF COLLOIDS. PART II. VARIATION 
OF THE VISCOSITY AND OPACITY. 

By Shriihiar Sarvottam Joshi and Gajenura Singh. 

In a previous coimminication (Joshi and P. V. J. Rao, ]■ Indian Client . 
Soc., 1936, 18 , 217) results were recorded for change in, the refrac¬ 
tive index produced by Ihennoageing some 19 colloids at different 
concentrations. In view of the fact that changes in viscosity and opacity 
have lieen widely employed to measure the corresponding degree of 
coagulation produced (for evidence to the contrary, cf. Joshi and co-workers, 
vide infra) and the possible analogy between ‘ageing’ and coagulation it 

was considered desirable to examine the influence of 'thermoageing’ on the 
above properties. It may also be mentioned that while the previous work 
on ‘thermoageing ’ has been designed chiefly to study it in relation to 
coagulation (Davies, /. I’hys. t hem., 1929, 38 , 274), detailed data are not 
available in the literature for changes in the more important physical 
properties consequent on ‘thermoageing’, with the exception perhaps of 
an earlier paper from these laboratories ( loe. cit.). 

EXPERIMENTAL. 

The colloid solutions of As 2 S 3 , MnO*. Sb 8 S», Fe.O., and Prussian 
blue were prepared and their colloid contents estimated as described in 
Part 1 (for. of.); that of HgS was prepared by adding, in small quantities 
unduith repeated shaking, from H 2 S water to A\ io-Hg(CN),. solution, 
until just a trace of the gas was perceptible. It was found that the colloid 
showed sensible coagulation on standing for about 10 days. The 
Ihennoageing experiments were, therefore, carried out with a fresh sol. 
The molylxlenum blue was prepared by reducing with H a S an acidified 
(with II a S< >4) solution of ammonium molybdate, while boiling hot. The 
excess of H a S was next removed by a current of hydrogen and the sol 
tendered electiolyte-frec by dialysis. Selenium sol was prepared by 
reducing with a stream of S< ) 2 with continuous shaking, a solution of about 
1 g. of Set >u in 500 c.c. of water after addition of about 20 c.c. of gelatine 
Before reduction the solution was warmed to 50°. The stability of the 
colloid was such that just slight sedimentation ensued after about a month. 
Colloidal vanadous acid was prepared by dispersing a small amount of 
V 2 O a by rei>eatedly taking it up with water. About 10 % aluminium 

acetate was added drop by drop to boiling water with continuous 
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shaking till the faint smell of acetic acid was just i>erceptible. This was 
next boiled for about 15 minutes, when the smell of the acid 
disappeared. The A 1 2 0 3 sol, thus obtained, was quite clear and stable. 
Suspensions of the linseed and til oil were prepared by the precipitation 
method described by Joslii (Kolloid 1923, 34 , 197; r/. also, ] . Bombay 
Univ., 1935, 4 140). 

A definite volume measured at a fixed temperature of each of the 
above sols was 'thermoaged* by refluxing it on a water-bath for 24 hours 
(except in the case of colloidal HgS, selenium and Al$() 3 for which the 
times were shorter). A very slight reduction of volumes occurred in 
some cases, which was made up by adding the appropriate quantity of 
twice distilled water. 

The viscosity (relative to that of water at the same temperature taken 
as untiy) of a sample before and after 'thermoageing’ was measured by 
Scarpa's method with the modifications described previously (Joslii and 
Viswanath, /. Indian Chem. Soc.t 1933. 10 , 330). These measurements 
were repeated at least twice with two independent specimens of the original 
sol in each case, and in some, with two dilutions of the colloid 

The change in transparency for white light by thermoageing was 
determined by means of a Duboscq colorimeter as described in 
a previous paper (Joslii and Kulkarni, ibid. t 1936, 13 , 441). Data in 
the 4th and 5th columns in Table I show respectively the heights in mm. 
of each of the sols before and after thermoageing matched for equal 
transparency. 


Table I. 


Influence oj thermoagoing on the viscosity and transparency. 


Colloid content 
ig. /litre). 

V i s r 0 

Before 

s i t \ 

After. 

T r a 11 s p 

Before. 

a r e 11 c \ 

After. 

Remarks. 

AsjS.1 >3*05 g ) 

I'oii 

j‘006 

5ft 111111. 

50 111111. 


» 

1*013 

1*004 

33 

2<; 


MnOj (146 g) 

1 *002 

1*008 

20 

25*3 


„ 

1*003 

1-009 

15 

10 


HgS g » 

i-oio 

1 007 
(5 mins.) 

o \5 

"*7 5 

Coagulated in 1 hr, 
at about 97* ; 
thermo-aged for 

ft M 

I 008 

1 ’007 
<0* 5 hr ) 

»» 

»• 

short periods as 
shown. Colour 
changes from 

.SbjS, (i6 K .» 

1*003 

1*002 

35 

3 «*i 

dark Imiwit to 
clark grey. 
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Colloid .ootent 

Vine 

0 k i t y 

Transparency 

Remarks. 

(({./litre). 

Before. 

After. 

Before. 

After. 

) 

SbjSj 

IU04 

1*002 

35 

381 



1*003 

1*001 

65 

* 7‘5 


II »» 

1*003 

1*001 

65 

67.5 


FcjOa <2*o g.) 

1 023 

1*016 

3 ° 

275 


»» it 

I *023 

1*015 

40 

360 


ii •* 

1*023 

1*015 

45 

40*0 


M (rog.) 

1*014 

1*010 

35 

30*0 


II • 

1*0x4 

1*010 

5 <> 

43*5 


1# •• 

1*014 

1*009 

60 

52*2 


KeJPelCNtjo to'sg) 

i*or>8 

1*007 

- 

— 

Colour changes 
from blue to green. 

>• •• 

i*oo8 

1*007 

— 

— 


MoOj (2-.SK.) 

i*oog 

1*010 

37 

40 

Colour changes 
sensibly from blue 

M *» 

1 *008 

1*009 

46 

5 ° 

to violet blue. 

„ U' 2 .S «•) 

1*006 

1*007 

5 ° 

55 


•1 II 

i*on6 

1*007 

5 <> 

55 


Se U2g) 

I*<K>4 

1004 

5 ° 

18 

Viscosity and 
transparency mea¬ 

n »• 

1*004 

1*004 

60 

20 

surements were 
made 3 hrs. after 






‘ thermoageing 






Longer treatment 
produced floccula¬ 






tion. 

\V », (J J (! ) 

1 020 

1*042 

<) 

6 

The transparence 
of the normal sol 

• t •• 

1 023 

1*042 

— 

— 

is poor. 

, (i*o6g.) 

roo6 

1*007 

19 


11 n 

it >• 

x*oo6 

1 *008 

— 

— 


A 1 ( h (o* 5 g) 

roil 

1*02 

- 

— 

The noI was 
* thermoaged ’ for 

ii *• 

1*010 

1*019 

— 

— 

about 10 hrs. 

Linseed oil 
emulsion 

1*024 

1*016 



Creaming is pro¬ 
duced to a small 
extent on 

H 

1 023 

1*016 



* thermoageing.' 

HI oil emulsion 

1 025 

1 072 





1*025 


I.<72 
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Discussion. 

It is known that a freshly prepared colloid attains to its equilibrium 
state slowly or otherwise, depending on the nature of the system, on 
simply allowing it to stand. This is the so-called 'ageing. During this 
period, there occur reactions (which are almost always irreversible), such 
as the hydrolysis of the dispersed material and the passage from the 
latter of the stabilising (or opposite) ions and molecules, into the continuous 
medium and outside. These affect the size of the particles and some of 
their characteristic constants such as the charge, the dielectric constant, 
the state of the micellar hydration, etc. These reactions are 
accelerated at the higher temperatures used in 'thermoageing*. Presumably, 
therefore, ‘thermoageing' differs from ordinary ageing in degree and not 
so much in kind. The behaviour of colloidal HgS is interesting ; it shows 
that *ageing ' and coagulation might lx* to an appieciable extent cognate, 
in origin and mechanism of reaction. The above colloid autocoagulates 
(that is, coagulates, without the introduction of an external material) 
simply by ‘ageing’ in about 10 days, or in a very much shorter period by 
‘thermoageingL In this, the release of H a S (or a similar stabilising 
material) would appear to be a reasonable factor. The extent to which 
such a factor would operate depends chiefly upon the nature of the 
colloid for example, colloid As 2 S 3 can stand, i.<\, ‘age’ for long periods 
of time and thermoage’ for at least 24 hours without appreciable instabi¬ 
lisation taking place, although the H 2 S, which is known to lx a stabiliser 
for the colloid, is expected to be released slowly or rapidly depending on 
the temperature to which the system is exposed. 

It is interesting to note from the results in Table I that the viscosity 
is not altered always in the same sense as a result of * thermoageing* • I11 

the majority of the cases studied, n decreases slightly on ‘ thermoageing\ 
in four cases out of nine it has increased. The case of colloidal selenium 
is peculiar in that * thermoageing ’ does not pioducc any sensible change 
in rj. In this connection it is of interest to recall an earlier finding in 
these laboratories, viz-, that in numerous coagulations of colloid 
As 2 Sj (Joshi and Kulkarni, lor. cit.) t and colloid Sb 2 S 3 (Joshi and 
Menon, ibid., 1937, If, 103) by mercury chloride , the viscosity of 
the coagulating system remained stationary . This shows that in so far 
as * thermoageing ' is analogous to coagulation, viscosity change [and 
on independent evidence (loc. cit.) even turbidity] is no general measure 
of the degree of the corresponding micellar change involved. The 
marked influence of the nature of the micellar material on rj is shown 

2 
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by the result in Table I, that while * thermoageing * leads to an increase 
of t) in the case of AlgO* sol, the opposite is observed with the apparently 
similar Fe g <>. 4 . It also follows that although simpler than coagulation, 

* ageing ’ is too complex a phenomenon to be measured by change of any 
single projierty. Results are available from the work of numerous 
in\cstigators on changes by ‘ arcing * in the adsorptive capacity, flocculation 
value, micellar change, double refraction, cataphoretic velocity, intensity 
of the Tyndall cone, conductivity and viscosity. These do not allow of 
any simple generalisation by reason of mutually exclusive findings, which 
change from colloid to colloid. The result obtained previously in these 
laboratories, that in ig colloids * thermoageing ’ produces an increase of 
refractivity is interesting. In by far the majority of cases and in agree¬ 
ment with our results (for fj) viscosity decreases ami conductivity increases 
by * ageing ' ; the latter change is due to the release of ions from the 
particles into the solution phase. 

It is interesting to consider the effect of * thermoageing ’ on the 
transparency as shown by Table I. This property seems to have increased 
in the majority of cases and might be due to a diminution of particle size, 
which is in agreement with the earlier finding of a general increase in 
refractivity, also attributed to the same origin. Usually though not 
invariably (Joshi and Kulkarni, loc. cit . ; Joshi and Mellon, loc. cit ., 
Joslii and Purushottam, Cuncnt Science , 1936, 4 , 870) coagulation decreases 
transparency ; the conimty might, however be conceived if a simple 
coalescence leads to an increase in the free inter-particle space. It has been 
emphasised in previous communications (Joshi and co-workers, J. Indian 
Chcm. Soc . , 1933, 10, 329, 599 ; 1934, 11, 133, 555, 573, 797 ; 1936, 13 , 309, 
311 ; /. < him phys ., 1935, 32 , 455; 1 'wc- Acad. Sci. U. P., T935, 6,41.; 
J.liombay Univ , 1935, 4 , 140; Fcttchcm. Vmsch 1936, 3,36 ;Kolloid 
/., I936» 76 , 145) that both viscosity and transparency changes are 

inadmissible as a general measure of the corresponding degiee of coagula¬ 
tion. The data in Table I support this deduction. Like coagulation, 
1 thermoageing ’ represents a certain micellar change. .Subject to the above 
limitation, it is anticipated that increase of viscosity might be accompanied 
by a diminution of transparency, so familiar in coagulation phenomena. 
The above results for ‘ thermoageing slion, however, the inadequacy of 
such a generalisation. Thus for example, in the case of colloidal MiiOo, 

* thermoageing * produces an increase both ill viscosity and transparency ; 
in Ke s O ai and As 2 S.j sols, l>oth these quantities diminish, the former 
lather slightly. These results show that either ‘ageing’ and coagulation 
are almost entirely different, or what is more probable, viscosity and 
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transparency do not necessarily increase and diminish respectively in a 
coagulation. 

Work is in progress on the absorption spectia of a number of 
thennoaged sols. These results will be published shoitly. 

S r M m A r v. 

The changes of viscosity and transparency (for white light) consequent 
on ‘ thermoageiiig ’ are studied for two oil emulsions and colloidal solutions 
of AsjjSj, Sb 2 S ; *, MnOg, HgS, Fc 3 O# and Prussian blue. The last two 
show’change of colour Majority of others show a decrease in viscosity 
and increase in transparency. I11 some cases, decrease in transpauncy is 
accompanied by a like change in viscosity, and vice vasa . It is suggested 
that these properties, viz., viscosity and opacity do not necessarily inciease 
during coagulation. 

Clll* MICAU L \II<>K \T< )K1KS, 

I 4 N 4 KIS IIlNUU (’MM-KSIIV, Klttil'ul /’ ( bliniiy 20, ]«^7. 

UhNAKI-S. 


SPIRO-COMPOUNDS. PART IV FORMATION OF SPIRO- 
COMPOUNDS FROM CYCLOPENTANONE. SYNTHESIS 
OF CYCLQPENTANE-SPIRO-CYCLOPENTANE AND ITS 
DERIVATIVES. 

By Nriukndra Nath Cn\rn*kji«u. 

It follows from the model that (yi /opentane has got ucoplaiici stitic- 
ture, whereas the cyclohexane ring is in a d>namic condition changing fioin 
one multiplaner form to another, thus passing through an intei mediate stage 
when it is coplaner and consequently a strained one. Now assuming that 
the average condition of the vibrating framework is between the uniplaner 
and strainless conditions, the difference in the case of fonnation and stability 
of the analogous spiro-coinpounds built up with these two types of rings 
will be a measure of the difference in stiain in them. With the hr>i»e of 
gaining some quantitative idea of the nature of strain in these lings, spiro- 
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compounds with cydopentane ring have been built up by a method similar 
to that described in a previous communication (Chatterjee, /. Indian Chem. 
Sac., 1936, 13 , 536). ryc/oPentanone cyanohydrin, obtained through its 
bisulphite compound, is allowed to react in alcoholic solution with the 
sodium salt of ethyl cyanoacetate- The sodio derivative of the condensa¬ 
tion product, thus obtained, is treated with ethyl /?-chloropropionate to yield 
diethyl i-cyanocyr/opentane-i-^-cyanoglutarate (I). This cyano-ester on 
hydrolysis by means of sulphuric acid (70%) yields a mixtureofeyr/o- 
ptmtaiie*i-carboxylic-i-«-glutaric acid (II) and its acid anhydride (III). 
The pure acid is obtained by treating the above mixture with caustic athali 
(15%)• The corresj>oiiding ester undergoes ring-closure in presence of 
sodium giving diethyl cyr/^pentane-spiro-ryc/opentane 2-one-3:5-dicar- 
boxylate (IV). In alcoholic solution this ester gives a violet colouration 
with ferric chloride and when hydrolysed by means of sulphuric acid (20%) 
gives cyr/opentane-spiro'Cyc/i>pentane-2-one-5-carboxylic acid (V). The 
constitution of this keto-acid is proved by its oxidation to ryc/opentane- 
i:i-dicarboxylic acid. This acid loses carbon dioxide when heated with 
the formation of ryr/opentane carboxylic acid. The product (V) showed 
all the pro[>erties of a keto-acid. By the Cleimneuseii reduction of the keto- 
acid (V) a product (VI) is obtained which failed to crystallise even on 
keeping for a long time in a vacuum desiccator over sulphuric acid. It 
showed no properties of a ketone, but when the calcium salt of this acid 
is heated w ith lime in vacuum ryf/opentane-spiro-cyc/o-pentane (VII) is 
obtained in a very poor yield. This hydrocartKm slowly decolourises a 
solution of permanganate. The product (VI) is heated with selenium for 
a long time with the expectation that a ring transformation will take place, 
but no definite product could Ik* isolated. 
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CH, 
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—CH.. 
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The fact that the yield of the spiro-compound (IV) ih of the same order 
as that of the cyclohexane analogue (cf. Chatterjee, loc. cit.) shows 
that the difference in strain in cyr/ohexane and a cyciopen tane ring is not 
of a very high order. 

In this connection it may l>e mentioned that there is a difference in 
stability among the spiro-hydrocarbons (a) ryr/ehexane-spiro-ryr/ehexane, 
(6) cyc/ehexane-spiro-ryr/opentane and (c) eye /opentane-spiro-ryr/opentane 
as regards the action of permanganate on them. Compound (a) does not 
decolourise a solution of permanganate (cf Norris, J* Chan. Soc. t 1926, 
245), whereas (6) and (c) decolourise a solution of permanganate slowly. 
This suggests that in a spiro-hydrocarbon the presence of ryc/opentane ring 
makes it slightly unstable. 


Experimental. 

Diethyl i-cyanocye\opentane-i-a.cyanoglularate (I).—To a well cooled 
solution of freshly distilled cyc/epentanone-cyanohydrin (190 g.) in absolute 
alcohol (190 g.) a suspension of ethyl sodiocyanyacetate, obtained from ethyl 
cyanoacetate (168 g.), sodium (33 g.) and alcohol (500 c.cj was gradually 
added with vigorous shaking. The mixture after being kept in ice for 
6 hours and at room temperature for 3 days, was mixed with ethyl ^-cliioro- 
propionate (240 g.) and after initial reaction had abated, boiled under reflux 
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until a test portion diluted with water was netural to litmus (about 40 
hours). The mixture was filtered and the filtrate diluted with water and 
extracted with ether, the ethereal extract washed with a targe volume of 
water to remove most of the alcohol and dried. The fester distilled 
as a viscous liquid, b. p. 208'-215' '4111m., yield 150 g. (Found: C, 
62 5; H, 70. CJ0H22O4X2 requires C, 627; H, 7*1 per cent). 

1 Carbo\ycyc\(>t'cntane-i-a-xlutanc Acid (II).—The ester (20 g.) was 
mixed with 6 vols. of 70% sulphuric acid and 1 toiled under reflux for 
12 hours. The condenser was removed from the llask from time to 
time to allow the alcohol formed to escape. The solutioii was thfeti 
diluted with water and extracted with ether and the acid thus obtained 
was freed from neutral matter by extraction with sodium carbonate. 
The resulting product is a mixture of the required tribasic acid and its 
acid anhydride and it was heated on a water-bath with a solution of 
caustic alkali (15%) for 3 4 hours. It was then acidified and repeatedly 
extracted with ether. After removing ether the product was kept in a 
vacuum desiccator when it solidified. It crystallised from ether, 111.p. 
131*32. This acid when heated with /.i 11c chloride and resorcin gives a 
compound which shows bluish fluorescence on addition of alkalis. It is not 
much soluble in ether, yield 12 g. (Found: C, 54*3 ; II, 6*5. C) jH 1,,() €! 
requites C, 54 09 ; II, 6^5 per cent). 

Triithyl cycloPcnlani'*i m carbo.\ylalC’i-a-giularati was obtained by 
esterifying the above acid in an almost quantitative yield by alcohol 
vapour method. In a typical experiment the acid (25 g ), absolute alcohol 
(So c.c.), concentrated sulphuric acid (S c.c.), 3 litres of vapourised alcohol 
(3 hours) gave 2S g. of the ester, b p. 162°-65* (Found: C, 62*3; H, 
8-4. Ci?llstH<>i. requires C, 62'it); H, 8-5 per cent). 

Diethyl cycloFt ntam-spiro cyc\at>cntane-2 m onc y.S‘dica>bo.\ylatc (IV).— 
A mixtuie of the foregoing ester (20 g.) and granulated sodium (2*3 g.) in 
diy benzene (50 c.c.) was refluxed for 10 minutes to start the reaction. The 
heating was discontinued until the vigour of the reaction abated and was 
then continued for 2 hours. After cooling the product was treated with 
cold dilute sulphuric acid and the bcti/ene layer was washed with aqueous 
sodium carbonate and with water, dried, and evaporated. The residue in 
alcoholic solution gave a violet colouration with ferric chloride. The ester 
was obtained as a pale yellow oil (9 g.), b.p. i8o°- 85°/4 mm. (Found: 
C, <>3-8; H, 7 7. C1 .tUggO.) requires C, 63-8; H, 7*8 per cent). 

cyc\ol\'nlane-$ph0-cyc\opintant'-2 m onc m S-caibo.\ylic Acid (V) —The 
ester (IV) was refluxed with excess of dilute sulphuric acid (20%) for 12 
hours and the cooled solutiou was saturated with ammonium sulphate and 



SP1R0-C0M POUNDS 


203 


repeatedly extracted with ether and the extract washed with yrate? and 
dried with anhydrous sodium sulphate. After removing the ether it v^as 
kept in a vacuum desiccator over sulphuric acid w hen it solidified in n^ed)^- 
shaped crystals, m.p. 67° after previous softening. (Found: C, 66*0; H, 7*6, 
C10H14O3 requires C, 65 9 ; H, 7*6 per cent). 

The semicarbazonc crystallised from absolute alcohol, m.p. 232 0 . 
(Found: N, 17-5. CnH| 7 (); { N ;{ requires N, 17*5 i>er cent). 

Eihyl cycloPcntanc-spiro cyc\Qpcnlanc-2 m onc'5caiboxyUUe —The ester 
prepared by refluxing a solution of the keto-acid (10 g.) in absolute alcohol 
(40 c.c.) with absolute alcohol (5 c c.) saturated at o° with hydrogen chloride, 
formed a colourless somewhat viscous oil (10 g.) b.p. i3i°-32 0 / 4 mm. 
(Found: C, 68*2; H, S*4- CisIIis^a requires C, 68*5; H, 8*5 per cent*. 

eycloPcnlanc-spiro-cyclopcntanc (VII).—The pure keto acid (log.), 
amalgamated zinc (35 g.), and concentrated hydrochloric acid (50 c.c ) were 
refluxed for 12 hours, further acid (35 c.c.) was added and the heating con¬ 
tinued for 12 hours. After extraction w ith ether a product was obtained 
which even on keeping for a long time in a vacuum desiccator over sul¬ 
phuric acid did not solidify. This product showed no proj>crtics of a 
ketone but when the calcium salt was heated with lime ryr/opentanc-.spiro 
ryr/opentane was obtained in a very poor yield. The calcium salt and lime 
were well ground up together and heated in a distilling flask, the receiver 
being a test tube with a side-tube which was connected to the suction pump. 
The oil was fractionated several times, and a pure fraction of rye/open tan e- 
.s'/j/to-cyriopentane was collected at 6o°/i2 mm. It slowly decolourises 
a solution of permanganate. (Found: C, 87*3; II, 12*6. C\»Hi 0 requires 
C, 87*00 ; H, i2*o per cent). 

Oxidation of cyc\oPentanc-spirocyc\opcntanc-2-ox\c-5-carboxylic Acid — 
The keto-acid (V) was warmed with an excess of concentrated nitric acid 
untill most of the red fumes disappeared. The resulting solution was then 
boiled for a few minutes and finally evaporated to dryness. The residue 
was treated with water and again evaporated. The semi-solid mass, thus 
obtained, was crystallised repeatedly from benzene, ether and light petroleum 
(b.p. 40-60°), m.p. 187° (lit. m.p. 187°). On distillation this acid gi\es 
cyc/cpcntane carboxylic acid. 

My sincere thanks are due to Prof. P.C. Mitter for encouragement 
and advice during the course of this work. 
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EXPERIMENTS TOWARDS THE SYNTHESIS OF /SO- 
FENCHONE. PART I. A SYNTHESIS OF 0&-DIME- 
THYLPENTANE ^-TRICARBOXYLIC ACID.* 


By S. K. Ranganathan. 


Bertraum and Hello ( /. pr them ., 1900, it, 61 , 293) found that the 
hydration of /-a-fenchene with sulphuric—acetic acid mixture gave rise to iso- 
fcnchyl alcohol, diffeient from fenchyl alcohol. On oxidation with chromic 
acid, the new alcohol yielded tsofenchonc (I). The subsequent degradation 
experiments of Wallach ( Annaleti , 1907, 357 , 49; 1908, 363 , 1 ; 1909, 369 , 
97) and more notably of Aschan ( Annalen , 1912, 387 , 1) and Tiovonen 
(ibid., 1919, 419 , 176) on the ketone brought to light a series of interest¬ 
ing compounds amongst which i.vofenchocamphoric acid (II) and isofencho- 
camphononic acid (III) may Ik.* mentioned. Although very careful degrada¬ 
tion work has established the structures (I), (II) and (III), no synthetic 
evidence, however, has lK*en adduced for any of them and the need for work 
in this direction becomes obvious. I11 the present paper is recorded the 
synthesis of / 3 fi*dimethylpentaiie-/ 3 fknricarboxylic acid (VI, R = H). 
i.voKenchocamphononic acid (III) too was synthesised starting from (II) 
but in this the author has been anticipated by Bardhan and Ganguly (/. 
Client Soc , 1936, 1852) and detailed description is, therefore, not made 
of this part of the work. 


Me*C-CH- CUi Me,.C-CH* C() 2 H Me*C-CO 


CH* 

I 

H a C-CMe 

(I) 


CH S 


CO H 2 C- 


—CMe'C( ) 2 H H*C- 
(II) 


ch 2 

I 

—CMe*C(>*H 
(III) 


Ruzicka’s method (Ber., 1917, 60 , 1367) in his classical synthesis of 
fenchoifb was adopted for the present synthesis. Kthyl mesitonate (ethyl 
aa-dimethyllaevulate) (IV) (Pinner, lier. 9 1882, 18 , 579; cf. Anschutz and 
(fillet, yfnvta/cN, 1888, 287 , 99) condensed with zinc and ethyl bromoacetate 
to yield the lactone of ethyl / 3 -hydroxy-£&>-trimethyladipate (V). The 
lactonic ester added potassium cyanide at 220 , and hydrolysis of the nitrile 
and simultaneous esterification (cf. Ruzicka, loc.cit.) yielded ethyl 
^dimethylpentane-^-tricarlxjxylate (VI, R = Kt). The conversion of this 


+ ▲ abort preliminary note about ibis work appeared in Current Science (U>36, 5. 19!>). 
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to (III) was accomplished by cyclising it with sodium in benzene to (VII) 
and hydrolysing and decarboxylating the latter. 

MeWCHa’CMea’COaEt O 

, H ' I 

(IV) MeC.CH,‘CMe* CO 

CHa’COaEt 

(V) 

R() 2 C*Me*CCH,/CMe/CO a R Me*C-CO 

I I 

R(> 2 CCH 2 , CHCOaEt 

(VI,R = H,Iit) II 2 C-—CMc'COgEt 

(VII) 

Expeiiments are iu progress towards the preparation of (III) in quantity 
with a view to utilising it for the synthesis of tsofenchone (I) and m>fenclio* 
camphoric acid (II). 


Experimental. 

Mesitonic Acid. —Pinner’s method (Ber., 1881, 41 , 1072) was adopted. 
The process was tedious and the yield was poor (10-14 g. from joo g. 
of acetone). 

Ethyl Mcsitonatc (IV).—The following procedure gave a good yield of 
the substance. Mesitonic acid (69 g.) was mixed with absolute alcohol 
(100 c.c.) and sulphuric acid (1 ’5 c.c.) and alcohol vapour from boiling alcohol 
(460 c.c.) was bubbled through the mixture for hours. After cooling, 
water was added, the ester layer taken up in ether, the ethereal solution 
dried and ether removed. Ethyl mesitonate was collected at io8-io°/25mm. 
(ii2-ii5°/28mm.), yield 70 g. 

The Scmicarbazonc separated from an aqueous alcoholic solution of semi' 
carbazide hydrochloride, sodium acetate and the ester. It crystallised from 
dilute alcohol in colourless needles, m.p. 154°. It is soluble in commoner 
organic solvents and in boiling water. (Found: N, 1863. C| 0 H uj( ) 3 Nji 
requires N, 18*36 per cent). 

The 2:4-Dinitrophenylhydrazone was prepared following the details of 
Allen (/. Amcr . Chem. Soc. t 1930, fl 2 , 2950). It crystallised from alcohol 
in which it was sparingly soluble in slender orange needles, m.p. 98°; 
easily soluble in acetone and chloroform. (Found: N, 1613. 
requires N, 15*92 per cent). 

Lactone of Ethyl p-Hydroxy-P^-trimelhyl adipatc(V). —Ethyl mesitonate 
(64*5 g.) was dissolved in benzene (200 c.c.) and zinc wool (“ Refounatsky,” 

3 
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25 g.) was added. Ethyl bromoacetate (30 g.) was then added and the 
mixture heated on the water-bath (£ hour) when the exothermic reaction 
started. The reaction was maintained by the gradual addition of the remain¬ 
ing bromo-ester (33 g.) and when the addition was over, the flask was heated 
on the water-bath for 1 hour more to complete the reaction. After cooling 
the contents were treated with ice-cold dilute sulphuric acid, the benzene 
layer separated, washed successively with dilute sulphuric acid, dilute 
ammonia and water, dried and benzene removed. The benzene residue 
yielded after repeated fractionation the lactonic ester as a thin, colourless 
liquid, b.p. 137-38'/6 mm. (i22°/i-2 mm.), yield 30 g. A high boiling 
fraction, 180*73-4 mm. was also obtained (cf. Ruzicka, loc . cit .). The 
lactonic ester was insoluble in dilute sodium carbonate solution but 
dissolved slowly in N/ 10- alkali. From the solution, the silver salt could 
be precipitated. (Found: C, 6176; H, 8 83. Ci iH, 8 0 4 requires C, 61*67; 
H, 841 percent). J, 1*0648; w./* 8 , 1*4430. 

iMdonc of fi-llydroxy-fihh—trimcthyladipic Acid. —The ester (5 g.) 
was boiled for 1 hour with caustic potash (4 g.) in alcohol (35 c.c., 80 %), 
the solution w f as evaporated after addition of water, the residue extracted with 
ether and then acidified with hydrochloric acid. The lactonic acid separated 
as an oil which solidified immediately. It was recrystallised from water in 
prisms, m.p. 128-29°. (Found: C, 577; H, 7*9. C U H,40 4 requires C, 58*0; 
H, 7*5 per cent). 

Action of KCN on the f.actonic Ester : P&-Dimcthylpentane-P&e-tricai* 
boxylic Acid and its Ethyl ester (VI).—The above lactonic ester (28 g.) w T as 
mixed with finely powdered potassium cyanide (12*8 g.) and the mixture 
heated under reflux on a paraffin-bath at 220° for 10 hours. The browmish 
black semi-solid mass w>as treated with concentrated hydrochloric acid (100 
c.c.) and refluxed for 10 hours on an oil-bath. The product was evaporated 
cautiously and the residue exhaustively extracted with ether (12 times), the 
ethereal solution dried and the ether removed. The residue (18*2 g.) soli¬ 
dified in part. For obtaining the tricarboxylic acid, the crude product (2 g.) 
was dissolved in sodium carbonate solution and extracted with ether to 
remove any neutral impurities. Reacidification and extraction with ether 
and removal of ether gave u product which solidified partly. This was 
triturated with concentrated hydrochloric acid and filtered. The solid 
acid melted at 172*. ftb-Dimethylpentanc-Pfa-tricarboxylic acid (VI, 
R-H) melted after two recrystallisations from dilute hydrochloric acid 
(plates) at 1S5-86 0 , the m.p. not rising with further crystallisations. 
(Found : C, 51*75 ; H, 7*2. Equiv., 77 * 75 - CioHhjO c requiresC, 51*72; H, 
6*9 per cent. Equiv., 77*3). 
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The above method of hydrolysis was not satisfactory, very small yield 
of the tricarboxylic ester being obtained on esterifying the crude product. 
Some unreacted lactonic ester was recovered. Ru/.icka s method (/or. cil.) 
wa9 found to be better. To the crude product of reaction obtained 
from the lactonic ester (20 g.) and potassium cyanide (9*3 g.), absolute 
alcohol (65 c.c.) and sulphuric acid (35 g.) were added and the 
mixture heated for 9 days under gentle reflux on an oil-t>ath. The 
product obtained was poured into water and the oily layer extracted with 
ether, the ethereal solution dried and ether removed The brownish residue 
was distilled in vacuum when a main fraction, b.p. i65-i7o°/7-8 mm. (9.3 g.) 
was obtained. Redistillation yielded ethyl 55 -dimethylpentane-/?&f-tricar« 
boxylate (VI, R=Et) as a thick pale yellow oil, b.p. i53*i55°/2 mm. ; 

i* 4525 - (Found: C, 6o’74; H, 874. C^jHasOa requires C, 6o‘8; 
H, 8*86 per cent). 

Cyclisation of VI (R = Et) to (VII).—The method and results are identic 
cal with those of Bardhan and Ganguly (for. cit ). 

Hydrolysis and Decarboxylation of (VII) to (III).—Results are identical 
with those of Bardhan and Ganguly except for the figure for m.p. of the 
semicarbazonc of isofenchocamphononic acid. It (prisms from water) 
melted at 2i2-i3*‘ (decomp.) and at 218 in a bath previously heuted to 
210°. (Aschan gives 216-217 ; and 221 0 resiactively). 

The author’s grateful thanks are due to Prof. P. C. Guha for his 
interest in the investigation. He is indebted to the Government of Madras 
for a scholarship. 

Department or Organic Chemistry, 

Indian Institute of Science, Heccive d March 6,1937. 

Bangalore. 



THE OIL FROM THE SEEDS OF X1MENIA AMERICANA, 
LINN. A NEW UNSATURATED FATTY ACID. 
XIMENIC ACID. 

BY S. V. PUNTAMBEKAR AND S. KRISHNA. 

Ximcnia amcricana , Linn. (Syn. Ximcnia Russclliana , Wall), N. O. 
Olacaceae , Vern., Kondanakkcra (Telugu), is a shrub found in abundance 
in the coastal tracks of Tennasserim, the Southern Mabaratta country, 
Mysore and in many districts of the Madras Presidency. It bears fruit, 
an ovoid drupe of an orange red colour which when ripe has a 
pleasant taste. It is used for jam making. The kernels of the seeds 
taste like fillxrts and like almonds when roasted. In Southern India these 
are extracted for the oil which is used as a sul>stitute for Ghee (Fischer, 
Indian Forester , jqi8, 44 , 264). 

Ximcnia amcricana also occurs in South Africa and in South America 
and the oil from these sources has been examined mostly for its constants 
(Grimme, Chem . Rev., iqio, 17 , 157 ; Schroder, Arbb. d ♦ Kaiscrl. 
Gcsundsh ., ion, 43 , 454 ; Freise, Scifcns 1031, 58 , 131 ; Bull. Imp . 
Inst., 1035, 33 , 277) but a complete chemical examination of this oil or the 
oil from the Ximenia seeds of Indian origin does not appear to have been 
made so far.- 

During the separation of the mixed acids of the oil into solid and 
liquid acids by TwitchelFs method it was observed that the solid 
acids had too high an iodine value (33 9) to l>e attributed to the small amount 
of oleic acid which at times accompanies them. The possibility of the 
presence of an isomeiic solid oleic acid (Puntamlx'kar and Krishna, /. 
Indian Chem. Soc., 1033, 10 , 209) was suggested but later ruled out as no 
dihydroxystearic acid was found among the products of oxidation of the solid 
acids with cold and dilute potassium permanganate. Instead, however, anoxy- 
acid very sparingly soluble in petroleum ether and of m.p. 118-19° (M. W. 
425), was isolated in pure condition. This high molecular weight and the fact 
that the main component of the solid acids is cerotic acid made it appear that 
the oxy-acid might be a dihydroxy derivative of an unsaturated solid acid 
also of 26 carbon atoms accompanying cerotic acid (C9 6 H 52 Og). This 
inference was strengthened by the fact that its M. W. (425) and combus¬ 
tion data (C, 72-4%; H, n- 8 %) closely agree with that of dihy doxy cerotic 
acid, Cs«Hr>sl) 4 (M. W. 428 ; C, 72-8% ; H, 12 2%). An additional proof 
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that the imsaturated acid in the solid acids is a C 2c -acid was supplied 
by catalytic hydrogenation of the crystallised acids, in. p. 6i-b2°, M. W. 
400*5, iodine value 43*7, obtained from the fraction IV of the distilled solid 
ester when a product (m. p. 83-84°, M. W. 398-4, iodine value nil) was 
obtained and identified as cerotic acid. It is thus evident that this new 
unsaturated fatty acid belonging to the oleic acid series is a hexacoscnic 
acid. Its separation in pure state, however, has not yet lieen possible because 
of its intimate combination with cerotic acid and hence our inability 
to present complete data on this new acid, which we hope will form the 
subject matter of a later publication. But at this stage we propose to dcsig- 
nate it as ximenic acid. 


E X P E R I M K N T A I.. 

The seeds of X. amcricana were obtained from Vizagapatam forest 
division of the Madras Presidency and consisted of :—air-dried pull) with 
shell 55%; cream coloured soft kernels 45%; moisture in kernel 3*6%; 
oil in kernel 49*°% 

For determination of its physical and chemical constants, the oil was 
expressed from the kernels at 50 in a hydraulic press. It was very viscous 
and mucilaginous and the quantity small and therefore for fuithei exa¬ 
mination it was extracted from the seeds with petroleum ether. The latter 
oil was pale yellow and of not unpleasant odour or taste. 


Physical and Chemical Constants. 

The Fatty Oil. 

The authors. Earlier workers. 

Country of origin : South India. South and Knst Africa; 




South America. 

Specific gravity at 20 

0*9262 

09165 0*9248 at 15' 

Refractive index at 20° 

1 *.17io 

1’4737 

Iodine value (Hanub) 

«2*S 

80'9— 94 \5 

Saponification value 

169*2 

155*3—183'1 

Acid value 

2*3 

I— 24*6 

Hehner value 

— 

93’9— 94'® 

Reichert-Meisel value 

Nil 

— 

Dnaaponifiable matter 

x -7 

0*5—a*9 
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Mixed Acids. 



The authors. 

Earlier workers 

Mean molecular weight 

319-8 

322*6—326 

Iodine value 

85-0 

71—100*1 

Saturated acid* 

3 »' 0 % 

— 

Unsaturated acids 


- 

Resin acids 

i- 5 % 

— 


Composition oj the Fatty Acids. 


500 G. of the oil were saponified in the usual manner with alcoholic 
sodium hydroxide. On distilling off the alcohol and dissolving the resultant 
•oap in water a large amount of rubbery mass, apparently a portion of the 
unsaponifiabie matter, separated out. It was filtered off and then the re¬ 
maining portion of the unsaponifiabie matter in the mixed acids was removed 
by the usual procedure. 

200 G. of the mixed acid, free from the unsaponifiabie matter, were 
separated into solid and liquid acids by performing the Twitchell's 
operation twice and the separated acids had the following constants. 


Acids. 

Iodine value. 

Mean M. W. 

Net weight. 

(S) Solid 

33 V 

381*5 

62*0 g. 

(Li Liquid 

W'2 

322*5 

135* 0 

Resin 

— 

— 

30 


Solid Acid a (S). 


A small i>ortion of the solid acids after three crystallisations from 
alcohol melted at 83-84°, M. W. 39S‘3* Further crystallisations did 
not change these constants indicating thereby the crystalline product 
to be one homogeneous substance, probably cerotic acid. 

The high iodine value of the solid acids indicated their association 
with aonie unsaturated acids, very likely with some solid unsaturated acid 
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(Puntambekar and Krishna, loc. ci( t ). In order to identify this acid 5 g. 
of the solid acids were oxidised in cold alkaline solution with dilute aqueous 
permanganate according to the modified method of Hazura (Lewkowitsch, 
“ Chemical Technology and Analysis of Oils, Fats and Waxes'*, Vol. I, 
6 th Ed., p. 575)* The oxidised product after being extracted with petroleum 
ether in a soxhlet to remove the unoxidised acids and some of the 
acids of decomposition, was twice crystallised from 95% alcohol, m p. 
118-19°. (Found : C, 724 ; H, 11S; M. W., 425. CgnH**si<>4 requires 
C, 72*8 ; H, 12*2 per cent. M. W. 428*4). It api>ears to be dihydroxy- 
cerotic acid. It thus appears that the unsaturated acid occurring in 
the solid acids is a hexacosenic acid, a C9e-acid belonging to the oleic 
series 

Of the remaining portion of the solid acids 50 g. were converted into 
methyl esters by methyl alcoholic hydrochloric acid. After refittxing the 
mixture for 5 hours and cooling to room tenqierature, a solid crystalline 
product (16*3 g.) separated out. It was washed with fresh methyl alcohol 
and crystallised from acetone, giving a product looking like mother of 
pearl and melting at 63-64°. The acid lif>erated from this ester had an 
iodine value of 17 and after three crystallisations from alcohol melted at 
83 S4 r , M. W. 400 5. This appears to be cerotic acid isolated al>ove from 
solid acids by direct crystallisation, and was confirmed as such by its un¬ 
changed mixed melting point with the former acid. 

The mother liquor and the washings of the above ester, methyl cerotate 
(m.p. 63-64'), were combined together and the methyl alcohol was distilled 
off. The residual esters were taken up in ether, washed with 5% sodium 
carbonate to remove the unesterified acids and then with water. The 
ethereal solution was dried and the ether distilled off. The esters 
(31*5 R-) were then fractionated at 3 mm. into the following fractions. 


Fractions. 

Bp. 

Wt. 

Iodine 

value 

M. VV of C 
the icids. 

omponentof mc t li v 1 
Stearate. Xlmenatc. 

r s t e r m 

Cerotate. 

Si 

180-190° 

°’75 g 

137 

287-6 

u* 5 8 g. 

0*17 g 

- 

s» 

190 200° 

140 

18-6 


0-98 

0*42 

— 

S, 

200-220* 

1*70 

324 

34 1 *° 

0-82 

o*88 

— 

S4 

220-270* 

* 6-45 

47’9 

394 7 

—/ 

12*65 

g- 

Residue 

_ 

11*00 

49 'i 

— 

— 

8*67 

i -33 


Total 31*50 3 ‘ 3 « 33*79 . 6*13 


hem 
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Fractions and 8* being similar and small in quantity were mixed 
together and saponified. The resulting mixed acids melted at 48-49% 
M: W. 287-6. (>n crystallisation from dilute alcohol a product, (m.p. 57*58°, 
M. W. 314 6) was obtained. The acids from mother liquor had a M. W. 
282. The amount ol material at this stage being too small further fractional 
study was not possible but from the iodine value of the fractions and of the 
M. W. of the liberated acids it apj>ears that they mostly consist of stearic 
and ximcnic acids. The presence of the latter acid in total solid acids 
has already been described above. The presence of a small amount of 
oleic acid in these fractions, however, is not ruled out but to simplify 
the calculations the iodine value is assumed to l>e due to ximenic acid only. 

The acids from fraction Si had M. W. 341. When crystallised 
from acetone they gave a product melting at 60-61 r , M. W. 381 and a 
residue with a M. W. of 200. Again in this case the M W. of the residual 
acids and the iodine value of the ester fraction suggests that they consist of 
stearic and ximenic acids. The presence of the cerotic acid is ruled out on 
the consideration that ximenic acid, as shown by the iodine value, forms a 
little over 50% of the fraction, the remaining 50% must lie made of an acid 
of lower molecular weight (stearic acid) so as to make the M. W. of the 
total acids of the fraction 341. 

The acids liticratcd from fraction S 4 had M. W. 394*7. These 
when crystallised from alcohol gave a product melting at 61-62°, 
M. W\, 400*4 ; iodine value, 43*7. (>11 hydrogenation of this product (2*5 g. 

in alcohol) for an hour and half in presence of platinum oxide catalyst 
(according to Adams), a crystalline pnxhict melting at 83-84°, M. W. 
398*4 and iodine value nil, was obtained and found to be cerotic acid isolated 
above. The fraction is, therefore, a mixture of ximenic acid (CguHsoOe) 
and cerotic acid >*). 

The acids liberated from the residual esters were extracted 
with ]ietroleuni ether (60-So 0 ) to remove them from oxidised or 
resinified matter. After the i>etroleum ether was driven off on a water-bath 
and then under vacuum, the extracted acids had a mean M. W. of 417 and 
iodine value 467 and were presumably a mixture of ximenic and cerotic 
acids. The somewhat high mean molecular weight of the acids is probably 
due to the fact that the products of oxidation or polymerisation have not 
lvcn completely removed by jietroleum ether. 

Liquid Acid* (L) 

These were Sa] Minified to break up any ethyl ester which might have 
lieen formed during the Twitchell separation. The iodine value (99*2) of the 
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resulting acids indicates them to be a mixture of unsaturated acids con¬ 
sisting of two and more double bonds. 

A portion of the liquid acids was converted into potassium soaps 
and oxidised in cold by a dilute solution of potassium i>ermanganate accord¬ 
ing to the modified method of Hazura (/or. cit.). From the oxidised product 
only dihydroxystearic acid (m.p. 130-31 °, M. W. 316) could be isolated and 
identified. When, however, it was boiled with a large volume of water 
and the mixture quickly filtered a small amount of a white crystalline 
material (m.p. 155-58°) presumably one of the or a mixture of isomeric 
tetrahydroxystearic acid separated out. No _hexahydroxystearic acid 
was found in the aqueous filtrate from the products of oxidation. 
The unsaturated acids in the liquid acids, therefore, appear to consist 
of mainly oleic and a small amount of linoleic acids. 

Another portion of the liquid acids was converted into methyl esters 
and 103 g. of them were separated into the following fractions by distillation 
under 6 mm. 


Taction. 

H.p. 

Iodine value. 

Wt. 

hi 

165 ° 

59-3 

2*44 

h 2 

165 - 85 ' 

76*5 

2-19 

h 3 

1 8.5-95' 

86-8 

23*63 

u 

195-97° 

94*4 

35*37 

hr, 

i97-2«»3° 

(> 8-2 

8-15 

I.fi 

203 - 10 ® 

100*3 

4*97 

h; 

210 - 30 * 

8f>7 

6*74 

Residue 

— 


26-67 

Loss 

- 


2*4 



Total 

103-00 


Fractions L| and La and I, 4 , L;„ Lo and L7 being similar were mixed 
together. Portions of these mixtures and of L,i were separately saponified 
and then oxidised with dilute permanganate in the cold. In the product of 
oxidation from the first mixture and from I*3 only dihydroxystearic acid 
could be isolated and identified, whereas both dihydroxy and tetra¬ 
hydroxy stearic acids were found in the oxidised acids from the second 
mixture. The residue was a very dark viscous mass containing mostly the 

4 
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methyl oleate and methyl linoleate together with all the colouring matter of 
the mixed acids. 

The above results of the fractional distillation of the methyl esters of 
the solid and liquid acids on calculation gave the following percentage 
comi>osition for the fatty acids :— 

Stearic (not isolated in pure form), i‘2%; cerotic, 15*2%; xhnenic, 
14*6% ; oleic, 6o-8 ; linoleic, 67%; resin, 1 -5% . 


Unsaponifiable Matter. 

The rubliei like product separated from the soap solution after saponi- 
iication of the oil constituted most of the saponifiable matter. Being 
insoluble in most of the organic solvents and in dilute mineral acids and 
alkalis it was not worked up further. The small amount of unsaponifiable 
matter, isolated from the sodium soaps of the mixed acids in the usual way 
by extraction with ether, showed the presence of a phytosterol (precipitate 
with a solution of digitonin in alcohol) but the amount was very small for 
its identification. 


S r M M A R \. 

The oil from the seeds of Ximinia amvrtcana , Linn, consists of the 
glycerides of stearic, cerotic, ximenic, (hexacosenic), oleic and linoleic acids 
together with a small amount of a phytosterol and a large amount of a 
rublier like sutatancc. Arachidic acid reported by Schroder Hoc. cit.) 
was not found. 

1'OKhST kHSMKCH iNSTlTt’Tk, 


I>FHKA IH N. 


Received Match zz, ^37. 



A Note on raman scattering of silicate 

SOLUTIONS. 

By S. K. Chakravarti and P. B. Ganguli. 

A large number of sodium silicates containing different proportions 
of silica can be obtained. Starting with the meta-silicate where the ratio 
between Na 2 0 : Si 0 2 is as i : i, one can easily prepare solutions of increas¬ 
ing silica content even up to the ratio 1:4. In view of the large variation 
in the proportion of silica which is possible, the question of fixing the 
molecular nature of these solutions becomes a complicated one. The 
question is further complicated by the hydrolysis undergone by the silicate 
solutions. The extent of hydrolysis was studied by Kohlrausch (Z. physikal . 
Chem., 1893, 12 , 773) from measurements of electrical conductivity and 
by Kahlenberg (/. Phys. Chem., 1898, 2 , 77), and Lumis ( Annalen, 
1S97, 60 , 531) from freezing point lowering measurements. They found 
that the alkali silicates were largely hydrolysed in aqueous solutions giving 
rise to an amount of free silica which tended to pass into the colloidal 
state. Bogue (/. Arner. Chem. Soc., 1920, 42 , 2575), however, showed 
that the degree of hydrolysis as determined by h. m. p. measurements 
was unexi>ectedly low and was at variance with the conclusions drawn from 
conductivity and other measurements. 

The sodium silicates have been exhaustively studied by Harman (]. 
Phys. Chem., 1938, 32 , 44). He concludes that the solutions with the 
ratio 1 : 1 and 1 : 2 only contain definite salts namely NajSiOg and 
NaHSi() 3 . Above the ratio 1:2, as the propoition of silica increases 
colloidal silica is in evidence. In concentrated solutions of the higher 
ratios, a larger colloidal aggregate containing both sodium and silica has 
been found. 

In previous papers by one of us (/. Phys. Chem., 1926, 30 , 706), 
it has been inferred that the silicate solutions contain colloidal micelles 
and that the amount of the colloid increases rapidly after the ratio 1 : 3 
is exceeded. 

Although in the literature many references to sodium silicates like 
Na s Si() g> Na 8 Si a () fl , NaHSiO a , Na 2 SiO n , Na^SiO* etc., exist the only 
sodium silicate whose molecular composition is definitely known is the 
meta-silicate. In the present paj)er, therefore, the Raman scattering of 
the meta-silicate as well as that of the higher ratio solutions have been 
investigated. For the purposes of comparison the scattering of a dialysed 
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solution of silicic acid lias also lxcn studied. If the higher ratio sodium 
silicate solutions lie allied in molecular nature to the sodium meta-silicate, 
all these solutions might give a common Raman shift characteristic of the 
common ingredient lx?tween them all. If on the other hand the higher 
ratio silicate solutions contain an appreciable amount of fine grained 
colloidal silica, they might beliave with respect to Raman scattering in a 
manner analogous to that of a dialysed solution of silicic acid. As will 
be seen in the following pages, the same Raman shift, as is obtained with 
the meta-silicate solution, is also obtained with the higher ratio silicate 
solutions, but with increase in the proportion of silicate in these solutions 
there is a large amount of general or Rayleigh scattering which takes away 
the sharpness of the Raman bands. This behaviour is exacted if the 
higher ratio silicate solutions are to contain increasing amounts of colloidal 
matter. 


K X 1 * K K I M K N T A 1 . . 

The following solutions were investigated : 

i. Solution of sodium meta-silicatc. (2) Solution of sodium silicate 
containing Na»<> : Si() 2 in the ratio 1:2. (3) Solution of sodium silicate 
of ratio 1:4 (4) Dialysed solution of silicic acid. 

The last named solution was prepared by Graham's method. The con¬ 
centration of the solution was 10% w ith respect to its silica content. The 
other solutions were carefully analysed and were made equivalent such that 
all the solutions contained the same amount of silica, viz., 24*88 g. per 
100 g. of the solution. All the solutions w ere protected from atmospheric 
cat lion dioxide. 

The exciting source used was the mercury arc, the ultra-violet portion 
living cut off by the interposition of a glass plate. The tube containing 
the solution was placed at the focal plane of an ellipsoidal vessel and was 
kept cool by circulating a stream of watei. To get a good reflecting 
surface, *he interior of the vessel was plated and polished. 

The exciting line in each case was taken to lx* the 4358 mercury line. 
Microphotographic prints were taken from the plates some of which are 
reproduce!! in the accompanying diagram. In the case of the NagSiOg 
and the 1 • 2 ratio solution, fairly sharp jieaks corresixmding to the modified 
lines were obtained, but in the case of the other two solutions sharpness 
was alisent. To locate the position of the modified lines a somewhat 
magnified microphotograph was taken. Figures 2—5 refer to these magni¬ 
fied microphotographs of the meta-silicate, of the i : 2 ratio solution, of 
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the* i ; 4 ratio solution and of the dialysed silicic acid solution resi>ectively. 
The values are given in the following table. 



Solution. 

Exciting line. 

Modified line. 

A*. 

A. 



K . 

V 

A. 

'! 







43<>9 

232o8A.S. 

261 

3 r ’ 3 M 

I 

NajSi 0 3 

435 8 

22947 

4408 

22686 

261 

38*3 





43 ° 9*4 

23206 

-\S 9 

38*6 

2 

1 :2 Solution 

4358 

22947 

44 » 7*7 

22687 

260 

38 5 





4308-9 

23209 

26 2 

38*2 

3 

1 *4 

4358 

22947 

4408*1 

22685 

262 

3«*2 


Colloidal silicic 



43 ( >92 

23207 

260 

385 

4 

4358 

22947 





acid 



4407-6 

22688 

259 

38*6 


Sodium meta-silicate gives a Raman shift equal to Ar=26i cm" 1 and 
exactly the same modified line is given by the two higher ratio silicate 
solutions. It is evident, therefore, that there is some constituent which 
is common to all these solutions. It is interesting to recall that the shift 
as obtained in the present experiments corresponds to one of the modified 
lines for quartz obtained by Krishnan ( Naiuic , 1928, 122, 477) and also by 
Czenny (Z. Physik , 1929, fl 3 , 317). Proliably this shift is duetoSiOg 
group which is present in all these systems. Although the plate obtained 
with 1 : 2 and 1 : 4 silicate solutions give the same modified lines, they 
differ to a very marked extent so far as the sharpness of the bands is 
concerned. In the case of the 1 14 ratio solution, there was pronounced 
general scattering similar to that obtained with the dialysed silicic acid sol. 
So far as these experiments go, it seems reasonable to infer that collodal 
matter increases quite rapidly. 

The measurement of the photographic density of the plates at a 
fixed distance from the exciting lines for the various solutions is likely to 
yield some interesting information about the colloidal content of the higher 
ratio solutions. Further work on the afx>ve lines is in progress. 

In conclusion we wish to express our thanks to Professor Kainta Prosad 
for his kind interest in the work and to Mr. B. N. Ghosh for help with the 
microphotometer. 


Physico-Chemical Laboratory, 
Sciknck Collet, u, Patna. 


Received Match 17, 1937. 



PEROXlbASES. PART IV. A METHOD OF ESTIMATING 
PEROXIDASE ACTIVITY FROM E M. F. MEASUREMENTS 

By M. V. SlTHARAMAN AND S RKNGACHARI. 

It has l>een shown in a previous paper (Dey, Rengachari and Sithara- 
raman, /. Indian Chew. Soc- t 1936, 13 , 390) that potentiometric titrations 
can be successfully applied for estimating the peroxidase activity of plant 
saps when hydroquinone is employed as the substrate and the advantages of 
the method have been referred to therein. Since hydroquinone and its oxida¬ 
tion product, quinone, form a reversible oxidation-reduction system, it was 
hoped that |>otcntial measurements might be employed to find out the un¬ 
reacted hydroquinone in the peroxidase reaction mixture thus leading to a 
comparison of tin; relative merits of the two methods of estimating peroxi¬ 
dase activity. 

Haber and Russ (Z. physikal. Chcm ., 1904, 47 , 257) have shown that the 

reversible reduction of quinone to hydroquinone could be considered from 

the electrochemical standpoint and that the Van’t Hoff reaction isotherm 

was applicable, the reaction J>eing similar in character to oxidation and 

reduction reactions in the case of electrolytes. The reaction taking place is 

represented by the equation 

CflH 4 «)H)* C„H 4 0 2 + 2 H + +2© 

iHydroquioonN (Qoinone) 

Their method lay in finding out whether the observed differences in poten¬ 
tial of two solutions containing different ratios of hydroquinone-quinone 
measured separately against a calomel electrode, agreed with the theoretical 
values calculated from the Van*t Hoff expression, keeping the acidity of the 
solution constant. 

These results have been confirmed by Granger and Nelson {] ./Inter. 
Chcm. Sac., 1921, 48 , 1401), who took into account the actual concentrations 
of the reactants, the acidity of the solutions which was varied, and the 
degree of dissociation of quinhydrone, which they always found out when 
quinone and hydroquinone were present in solution instead of assuming as 
Haber and Russ (loc cit.) had done, that the quinhydrone was completely 
dissociated. 

Stern and Day (/. Biol. Chcm., 1929, 88 , 299) have employed the 
change in i>otential that occurs when air is bubbled through a solution of 
quinhydrone, properly bufferred, as a means of detecting certain sufficiently 
active oxidases or oxygenases, choosing i>otato oxidase as the most suitable. 
They have found that the i>otential rise initially observed under conditions 
Stated above is restored i>artially by adding further quantities of quinhy- 
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drone and that the observed potentials compared reasonably with the lkotcn- 
rials calculated on the basis of the Van't HofT equation. 

The potential of an inert electrode, c.g., platinum or gold, immersed in 
a solution containing quinone and hydnxjuinone is usually given by the 
expression. 


»r 0 + 


RT 

2F 


In 


c ±s 

C\ 


*o + 


RT 
2 F 


h 


. RT . 

+ — h C h . 

r 


H|Q ..V }(f g 

This oxidation-reduction potential of the quinone-hydroquinone system, 
involving as it does a feebly ionised or practically unionised organic com¬ 
pound, is dependent on the hydrogen-ion activity of the solution. If, 
therefore, the reference electrode and the hydrogen-ion concentration of the 
system be kept constant, the k.m.f. of the system will alter with the ratio 
of the quinone to hydroquinone. If tt be the potential of the quinhydrone 
electrode, ?ri that of the reference electrode (here o'iN calomel), then since 
the quinhydrone electrode is more positive than calomel, the observed k.m.f. 


r , RT . ^ .RT . q 

E = st-jti = jt«,+ /wC h + - In - 

h 2h C H«C 


A RT , 

= "o -*• In C h - >r, 
h 


4 RT ,n - :a 
2F ^ 


since 7 r 0 , i and the hydrogen-ion concentrations are kept constant. 


E — £ 0 *f In e , where E 0 is the expression within 
2f C HrtJ 

brackets. If conditions are so chosen that £ 0 is constant, then the above 
expression can be used to compare the k.m.f. of the system as regards 
observed values for different ratios of quinone to hydroquinone. The expres¬ 
sion when t ~ o° becomes, 


C 

E = £0 + 0*0271 log - y 


C 

/•; 0 -00271 log—- ,c 
C Q 


In the peroxidase reaction the initial condition is represented by the system 
comprising of (i) the volume of buffer solution added, 00 volume of sap 
added, (itt) volume of hydroquinone solution, and (iv) the volume of hydro¬ 
gen peroxide, the temperature of the reactants and the temperature of the 
mixture being the same. After a certain interval of time (generally 18 
minutes) the reaction is stopped by the addition of hydrochloric acid. The 
condition then is represented by (i) the volume of the buffer, (it) the 
volume of the sap, (Hi) the volume of hydroquinone left over, (iv) the volume 
of hydrogen peroxide left over, (v) the quinhydrone in solution, neglecting 
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the precipitated amount, and (ri) the volume of hydrochloric acid added for 
inhibiting the reaction. If the amount of tmreacted hydroquinone is to be 
determined by ipotential measurements, a study must be made of the vari¬ 
ations of the e.m.f. of a solution, with respect to the variations in concen¬ 
tration of hydroquinone, all other conditions enumerated above remaining 
constant. The concentration of hydroquinone in any other solution which 
is identical in the matter of every condition can be obtained directly from a 
hydroquinone concentration— e. m. f. curve. It was this method that was 
followed in the present investigation. 


H X !* E H I M E N T A I.. 


Kxi>eriments were conducted with the same saps that were employed 
or the previous investigation (loc. cil.) and it was found necessary to submit 
Fig. i. these* saps to longer periods of dialysis (4 to 5 days) to 



I J-I)ip t>pc cal. electrode. 
j-Pt foil electrode. 3-Stir¬ 
rer. 4*I>ewnr flank. 


eliminate electrolytes completely. Since temperature 
is an important factor in potential measurements 
and the activity of the saps is appreciable at tem¬ 
peratures considerably lower than the 100m tempera¬ 
ture (30" -32°), it was considered best to carry out 
these experiments at o° using a mixture of ice-water 
and ice in a good silvered wide-mouthed Dewar 
vessel, the bath being stirred mechanically for 
avoiding fluctuations of temperature. It v\as found 
in trials that the temperature remained constant for 
periods of 2 to 3 hours. The Dewar vessel was fitted 
with a bung which cairied a Beckmann outer tube, 
2" diameter, drawn out to a conical shape at its elosec 
end (rf. Fig. 1). This formed the reaction vessel and 
was closed by a three-holed rubber cork carrying 
(1) a dip-type calomel electrode (which was designed 
and made for the purpose since the available dip- 
tyi>c electrodes were of an inconvenient size (vide 
Fig. 1); (2) a platimum foil electrode (Hildebrand 
type) with an outlet for leading away gas ; and (3) a 
delivery tube for bubbling purified nitrogen gas, 
partly to keep an inert atmosphere within, since hy¬ 
droquinone undergoes slow oxidation in air and part¬ 
ly to secure a good stirring of the reaction mixture. 
The nitrogen was obtained from a cylinder and was 


purified by tossing through alkaline pyrogallol, concentrated sulphuric acid. 
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water (conductivity) and finally through fused calcium chloride for drying. 
Conductivity water was used to prepare all solutions which were preserved in 
Jena glass bottles. Solutions of hydroquinone (exactly, 3 0%) were freshly 
prepared before use and preserved in dark amber-coloured !>ottles. The solu¬ 
tions were delivered from automatic microburettes. For potential measure¬ 
ments, a Leeds and Northrup K-type potentiometer and a portable sensitive 
mirror galvanometer were used, the voltage readings being accurate to 
0*00005 volt. No correction for salt or protein error was applied though 
quinhydrone was used. The volume was adjusted to a final volume of 
20 cx. of the reaction mixture , which was maintained constant throughout 
the series of experiments. A buffer of sodium acetate and hydrochloric 
acid of pu 4*58 was used. A decinormal calomel electrode (in the dip-type 
electrode vessel prepared) was used as the reference electrode in view of its 
temperature coefficient being very low compared with the ether calomel 


Fic;. 2. 



Hydroquinone soln . ( c . c .\. 
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electrodes. In all cases sufficient quinhydrone was added to keep the solution 
saturated with respect to it. 

The first stage in the series was to find by trial an indicator or refe¬ 
rence solution which will be applicable to all saps, and i>ossessing a constant 
and reproducible k.m.f. in the absence of hydroquinone. When hydro- 
quinone is added, the e.m.f. gradually diminishes with increase of concen¬ 
tration of the hydroquinone. A reference to Table I (a), (b) will show that 
when mixtures were made up with 7 c.c. of the buffer (pn 4*5^)> 2 cc - 
hydrochloric acid, and it c.c. of water to make up to the constant volume of 
20 c.c., the same initial e . m . f . of 0-2980 volt nearly, was reached. , In 
Table I (c), where hydrogen peroxide (1 c.c. of 1% solution) was added with 
a corresponding reduction of water, the e . m . f . was unaffected. When in¬ 
creasing quantities of a yo% solution of hydroquinone (from 1 c.c. to 5 c.c. 
were added) the same potentials were registered in all cases (within experi¬ 
mental errors). It took nearly 45 minutes the equilibrium to reach and this 
interval of time was allow ed to elapse in each case before final measure¬ 
ments were taken. 

The hydroquinone concentration-E.M.F. relationship of the reference 
solution is given by the curve in Fig. 2, which was plotted by taking the 
averages of the three sets of experiments in Table I. 

A repetition of the experiments with the three saps separately 
was made as shown in Tables II, III and IV. 5 C.c. of the sap were 
added in each case ieplacing the same volume of water, the total 
volume of 20 c. c. being maintained. The potentials are found to 
l)c in agreement with those in Table I (without the sap under 
the same conditions). Reference to Tables II (c), III (r) and IV (r) 
will show that the presence of hydrogen peroxide does not cause any 
alteration in the potentials, and that the reaction has been completely 
inhibited by the HC1 added. From the measurements it is evident that 

/•:« = 0-29X0 volt with C /(.' =i, i c Iok C /C =o. 

U h 2sJ Q 

The change of potential w ith the alteration in the volume of the hydro¬ 
quinone solution in the experiments with the different saps are plotted in 
Figures 3, 4 and 5. 

The next stage was to study the peroxidase activity as usual with the 
three saps and estimate the hydroquinone left over by measuring the final 
potential of the system and comparing w ith the potentials of the reference 
solution. 7 C.c. of the buffer (p H 4-58), 5 c.c. of 3*0% hydroquinone 
solution and 1 c.c. of 1% hydrogen peroxide were mixed in the reaction 
vessel cooled to o° ; 5 c c. of the sap at o r were added while a current 
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of nitrogen was bubbling through the solution. The reaction was allowed 
to proceed for 15 minutes at the end of which exactly 2 c.c. of 2*0 N 
hydrochloric acid were quickly added from a microburette, the rate of 
bubbling of nitrogen being increased to effect a thorough mixing of the 
reaction mixture so that the reaction might be inhibited quickly. The 
nitrogen was kept bubbling for 45 minutes continuously at a slower rate at 
the end of which the k.m.f. was measured. From the k.m.f. —hydro- 
quinone concentration curve of the reference solution, the concentration 
of the liydroquinone corresponding to the final k.m.f. observed in the test 
solution was obtained. This represents the liydroquinone (y) remaining in 


Fig. 3. 



3 % Hydroquirwne soln. (c.c.). 


solution ; part of the unoxidised hydroquinonc combining with the quinone 
formed to form the quinhydrone which was precipitated 011 account of its 
low solubility. Since the amount of hydroquinone taken («c) is known (being 
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equal to 0*15 g. in all cases) and y, the amount of it left in solution is found 

out by exjieriment, the amount oxidised is * v ^ corresponding to the 

2 

quinone part of the quinhydrone formed. 

The accuracy was also checked by diluting the reaction mixture to 
100 c.c. as usual (vide the potentiometric method) and estimating the 
hydroquinone by j>otentiometric titration against standard potassium 
dichromate, the necessary blank experiments to find the intake of the 


Fig. 4. 



dichromate by the sap being duly performed. The results obtained in both 
the cases are found to agree well (vide Tables V, VI and VII). 
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*Tbe k.m.f. observed was then compared with the k.m.p. calculated 
theoretically on the following basis from the formula, 


£ = £ 0 - 0*0271 log - 

C i! 


The concentration of the quinone is precisely the concentration obtained 
by the dissociation of quinhydrone, the solution l>eing saturated with 
respect to it in all cases, since a precipitation of quinhydrone took place. 

This concentration of quinone can be calculated from the solubility of 
quinhydrone in a solution identical in concentration of the reactants in the 
reaction mixture at the end of the reaction. 50 C.c. of a solution contain* 
ing 6-25 c.c. of 3*0% hydroquinone, 17 50 c.c. of buifer (/>,, 4*58), 5 c.c. of 
2*oN-hydrochloric acid the rest being water was made up, excess of quinhy¬ 
drone added and the mixture was agitated for two hours at o° in a bath 
similar to the one used for the pre\ ious experiments. The solution was 
filtered by suction through cotton wool into another vessel kept in a similar 
bath at o . A definite volume of the solution was pijietted and the total 
hydroquinone in it determined potentiometrically by titration against 
standard potassium dichromate. The value for hydroquinone thus obtained 
is the sum of the hydroquinone initially taken together with the hydro¬ 
quinone due to the solution of the quinhydrone, the latter being assumed, 
for the purpose of this investigation to be completely dissociated. By 
deducting the hydroquinone initially taken, from the total amount of 
hydroquinone, the hydroquinone part of the quinhydrone dissolved is ob¬ 
tained. The quinone part is equivalent to the hydroquinone thus deteimined. 
As a mean of three experiments, the value obtained was 0*03264 g. calculated 
as quinhydrone m 100 c.c. of the solution , so that in the reaction mixture 
of 20 c.c., the concentration of quinhydrone is 0 006528 g. which corresponds 
to 0*003233 g. of quinone and 0*003295 g- of hydroquinone. Now, 


£ ■= £0-0*0271 log H| — 

£ 0 being 0*2980 volt. 

Calculating the potential of the system in £xi)eriment I, Table VII, the 
amo un t of hydroquinone left over in solution (from the titration) is 0*0714 8 * 
And since the quinhydrone dissolves to a certain extent and is 
assumed to have dissociated completely thus increasing the hydroquinone 
concentration 
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the amount of hydroquinone (H.Q.) present in solution =0*0714 + 0*003295 

=0-0747 S- 

Amount of quinonc (Q) in solution =0*003233 g. 

£=0*2980-0-0271 log -°l°2i2L-=0*2610 volt (calculated). 
0*003233 

£=0*2590 volt (observed). 

The error is, therefore, less than 1 %. Similar calculations in all the 
other cases give similar agreement between the calculated and the observed 
potentials. 

Fig. 5. 



3% Hydroquinone soln . (c.f.). 

Alteration of the K.M.F. with change in Hydroquinone Concentration 
in the reference Solution . 
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Tabi.h I. 

Total volume in all cases=20 c.c. buffer of p» 4-58 added =7 c.e. 
aiV-HCl added = 2 c.c. 

(a) (ft) (c) 


Vol. of 
3 -o% H.Q. 

Vol. of 
water. 

E. M. V. 
(volts). 

Vol. of 
water. 

K M. V. 
(volts). 

i%H,(),» 
Vol. of 
water. 

1 c.c. 

n m. v 

(volts). 

Nil 

II c.c. 

<>•2980 

11 c.c. 

0-2982 

10 c.c. 

0-2980 

1 c.c. 

10 

°*2745 

10 

0-274° 

9 

0-2740 

2 

9 

0-2625 

9 

0*2628 

8 

0*2630 

3 

8 

"*2545 

8 

0-2540 

7 

0-2540 

4 

7 

0-2478 

7 

°*2473 

6 

o *2475 

5 

6 

<'•2435 

6 

0-2428 

5 

0-2427 


Taiu.e II. 

Experiments similar to those in Table I, the solutions containing 5 c.c. 


of dialysed radish ( Raphanus 
2N-HCI added=2 c.c. 

Sativus) 

sap. Buffer 

of />„ 

4 '5« s “7 c.c, 



(a) 


lb) 



(r) 

Vol. of 
3*o% H.(). 

Vol. of 
water. 


E. M. V. 

(volts). 

Vol. of 
water. 

K. M. V. 

(volts). 

iXHjOji-i c.c. 

Vol. of n. M. V. 

uatcr. (volts). 

Nil 

6 c.c. 


0-299° 

6 c.c. 

0-2980 

5 <••<*. 

0*2t*85 

1 c.c. 

5 


0-2735 

5 

n -2745 

4 

°*2745 

2 

4 


0-2660 

4 

0*2635 

3 

0*2635 

3 

3 


0*2555 

3 

0*2550 

2 

0*2560 

4 

2 


0-2495 

2 

0*249° 

1 

0*2490 

5 

1 


0-2440 

I 

(►•2430 

Nil 

°-2435 
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Taiu.e III. 

Uxi>eriiiiciits similar to those in Table I, the solutions containing 5 c.c. 
of dialysed chow-chow (Sechium lidult ) sap. Buffer of p a 4*58 added 
*7 c.c. 2N-HCI taken =2 c.c. 




(a) 


(6) 

(0 


Vol. of 
>"» ll.U- 

Vol. of 
water. 

k . m. r. 

(volts). 

Vol. of 
water 

K. M. 1 *. 
(volts). 

I%H2 ( V- 

Vol. of 
water. 

1 c.c. 

E. M. E 
(volts). 

Nil 

6 c.c 

o*2gSn 

6 c.c. 

0-2975 

5 c.c. 

0-2975 

J c.c 

5 

‘*•2755 

5 

‘>‘2755 

4 

0-2740 

2 

‘1 

"* 2645 

A 

0*2647 

3 

0-2635 

3 

3 

11*2560 

3 

0-2563 

2 

0-2550 

4 

2 

‘»-24«3 

2 

0*2485 

1 

0-2465 

.S 

1 

”*2415 

1 

0-2420 

Nil 

0-2415 


Tahi.k IV. 

Hxperimeuts similar to those in Table I, the solutions containing 5 c.c. 
of dialysed rtd radish sap (Raphanus Salirus , red variety). Buffer of p u 4-58 


=»7 c.c. 

2/V-HCl = 

2 C.C. 







(a) 


(M 

(0 


Vol. of 
3-o% H v < w ». 

Vol. of 
water. 

n . m. f 

(volts). 

Vol. of 
water. 

K. M. V. 
(volts). 

>2 = 

Vol. ot 
water. 

1 c c. 

K. M. I ; 
(volts). 

Nil 

6 c.c. 

0-2985 

6 c.c 

0-2980 

5 c.c. 

0-2980 

1 c.c 

5 

<‘‘2735 

5 

“•2745 

4 

‘>*2735 

2 

4 

0-2655 

•1 

0*2640 

3 

0-263.S 

3 

3 

0*2560 

3 

0-2550 

2 

°-*5SS 

4 

2 

0-2485 

2 

0*2485 

1 

0-2490 

5 

2 

0-2430 

I 

0-2430 

Nil 

^■2430 
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Table V. 


Reactions caried out with dialysed 
described on p. 282, e.m.f. ineisurei and 

radish (Raphanus , 
results checked by 

Sativus) sap, as 
titration. 


Expt. I. 

Expt. IT. 

E. M. F. measured at the fiual stage 

... 0*25785 volt. 

... 0*2575 VOlt. 

E. M. F. calculated from formula 

0*2606 volt. 

0*2608 volt. 

H.Q. left in solution (j/) obtained from 
the E. M. F.—H.Q. cone, curve of the 
ref. soln. 

*•* 0*0745 g- 

... 0*0771 g. 

Amount of H.Q. oxidised 

0*0578 g. 

... 0*0565 g. 

Amount of H.Q. corresp. to KgCr 2 <>7 
titration. 

... *0*1119 g. 

... t 0*1157 g- 

V Amount of H.Q. oxidised 

0*0581 g. 

... 0*0563«. 

Amount of II.Q. left as such in solution 

... 0*0758 g. 

... 0*0774 g. 

* lleing equivalent to 18*90 c.c. of 0*1076 A T -KjCr^h. 
f Being equivalent to 19*20 c.c. of 0*1076 JV-K^'r^h. 


Table VI. 


Reaction carried out with dialysed chow-chow (Sechium Edule ) 

sap, as described on p. 282, k.m.f. measured and results checked by 

titrations. 

Expt. I. 

Expt. II. 

E. M. F. measured at the final stage 

... 0*2610 volt. 

... 0*2615 volt. 

E. M. F. calc, from formula 

... 0*2622 volt. 

... 0*2627 volt. 

H.Q. left in solution ( y) t obtained from 
the E. M. F.—H.Q. cone, curve of the 
ref. soln. 

... 0*0645 g. 

... 0*0624 g. 

,\ Amount of H.Q. oxidised 

... 0*0428 g. 

... 0*0438 g. 

Amount of H.Q. corresp. to the K^Crgf >7 
„ titration. 

... * 0*1072 g. 

... t 0*1059 g. 

/. Amount of H.Q. oxidised 

... 0*0428 g. 

... 0*0441 g. 

Amount of H.Q. left as such in soln. 

0*0644 g. 

... o*o6i8 g. 

* Being equivalent to 18*10 c.c. 

f Being equivalent to 17*90 c.c. 

of 0*1076 N*KjCrj()7. 
of 0*1076 N-KjCrjOj. 



6 
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Table VII. 


Reactions carried out with dialysed red radish (Raphanus Sativus, 
red variety) sap as described on p. 282. e.m.f. measured an rest* 


checked by titrations. 

Expt. I. 

Expt. II. 

K M. 1 ? measured at the final stage 

0-2590 volt. 

... 0-2590 volt. 

R. M. F. rale from formula 

... 0-2610 volt. 

... 0-2610 volt. 

Amount of H.Q left in solti (y), obtained 
from the K M F -II fj rone onrve of 
the ref. soln. 

0*0708 g. 

0*0708 g. 

.*. Amount of H.Q oxidised 

0-0396 g. 

... 0-0396 g. 

Amount of II Q. mrrt-sp to the- K^CrjOy 
titration. 

... # 0-1107 g. 

... t 0-1107 g. 

.*. Amount of H Q oxidised 

... 0-0393 g. 

... 0*0396 g. 

Amount of II.Q. left ns such in soln 

0*071^ g. 

... 0-0714 g. 


• Being equivalent tn 1870 c c. of 0-1076 jV-KjCrjOy. 
f Being equivalent to 18*70 c.e. of 0*1076 N-KjC^CV 


S l? M M A R V. 

Since tlie hydroquinonc and quinone (quinhydrone) form a reversi¬ 
ble oxidation-reduction system, for which the Van’t Hoff formula has 
been shown to l)e applicable, by keeping all factors except the ratio of 
HuQ/Q constant, the amount of unreacted hydroquinonc (substrate) can be 
estimated with reasonable accuracy by potential measurements. In this 
case the hydrogen peroxide left over does not affect the results or introduce 
any error and therefore need not be destroyed. All that is necessary is to 
make up a reference solution whose changes in potential have been 
previously studied for different latios of hydroquinone to quinone, the 
concentration of the latter being that obtained by saturation of the solution 
with respect to quinhydrone. The results obtained show that a greater 
accuracy is possible with this method. 

The authors wish to express their grateful thanks to Prof. B. B. Dey 
for his kind interest and valuable suggestions throughout the investi¬ 
gation. 

Presidency College, 
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OXIDATION OF PHENOLS BY MEANS OF HYDROGEN 
PEROXIDE IN PRESENCE OF INORGANIC 
CATALYSTS. 

By B. C. Kar. 

The oxidation of phenols by means of oxygen and hydrogen peroxide 
has been carried out by many investigators in presence of oxidases, 
peroxidases and inorganic catalysts. Recently hydroquinone has been oxi'- 
disedto quinhydrone m presence of peroxidase obtained from common 
Indian vegetables—" Jhinga ” (Luffa acutangula) and “ Chow chow ” 
(Sechium edule) by Dey and Sitharaman (]. Indian Chem. Soc., 1931,8, 
479 ; 1932, 9 , 499). It has also been oxidised by peroxidase obtained from 
the fruits of “ Lfinn ” (Tribulus terrestris) by Ghatak and Giri (Bull. Acad. 
Sci. V. P., 1933, 2 , 163). Jules Wolf! (Compt. rend., 1908, 148 , 781, 1317; 
147 , 747) has shown the similarity in behaviour of certain iron salts and 
peroxidases by oxidising hydroquinone and pyrogallol in presence of hydro¬ 
gen peroxide. When a colloidal ferrous ferrocyanide solution containing 
10 mg. of iron per litre is added to a saturated solution of quinol, quinliydione 
is formed in a minute or two. This artificial peroxidase resembles the 
natural peroxidases in certain respects. Its activity is destroyed by excess 
of hydrogen peroxide like the natural enzymes. It loses its activity 011 
boiling. It can be filtered through paper without alteration but it becomes 
inactive when filtered through collodion. Similar oxidations by means of 
atmospheric oxygen and hydrogen peroxide in presence of different metallic 
salts such as manganese, copper, uranium have been carried out. 
The author has undertaken this work with the object of studying the 
analogy of the colloidal catalysts of tungstic acid, molybdie acid and vanadic 
acid with peroxidases and throwing some light on the mechanism of the 
enzymatic reactions. For this purpose, a representative selection of subs¬ 
tances is taken and their behaviour towards the colloidal catalysis and 
peroxidases studied. 

A. Oxidation of Hydroquinone by means of Hydrogen Peroxide in 
Presence of Tungstic Acid Sol, 

The oxidation of hydroquinone by means of hydrogen peroxide occurs 
in a consecutive manner. At low concentrations of hydrogen peroxide and 
•sol, quinhydrone is the main product of oxidation as is the case with per¬ 
oxidases. But as the concentrations of sol and hydrogen peroxide are 
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increased, it is converted into carbon dioxide and maleic acid. The equa¬ 
tions may be expressed as follows. 


(I). 

(ID. 

(III). 


2C«H 4 (OH)., + H 2 < >2 =C (i H 4 < > 2 'C, H 4 « )H) 2 + 2 H 2 0 . 


C (i H 4 < ) i C, i H 4 ( 0 H) 2 + H 2 <) s = 2C (; H 4 O 2 + 2H 2 U. 


Co 

HC (f N | |H< ' + 6 H 2° 2 = 

hc\JJhc 


HC 

II 

HC 


/ 

\ 


COOH 

+ 2CO2 + 6 Hg(). 
C(X)H 


CO 


Maleic acid 


Kempf (Bei. t 1906,89,3715) has oxidised quinone and hydroquinone 
by means of siher peroxide, sodium i>ersulphate and aniinonium persulphate 
and obtained carbon dioxide and maleic acid as the main products of 
oxidation, and formic acid and carbon monoxide aie also produced in traces. 
The identical products of oxidation from hydroquinone by persulphates, 
and tungstic acid sol and hydrogen peroxide also support the formation of 
per-acids. 


Isolation of the Products of Reaction . 

Quinhydrone .—Quinhydrone can lx* easily isolated from the reaction 
mixture by starting with high concentrations of hydroquinone and adding 
equivalent amount of hydrogen peroxide in small quantities at a time, 
allow ing a few minutes to elapse lief ore each addition and cooling the 
reaction mixture in ice. Hydroquinone (2*5 g.) was dissolved in 150 c.c. 
of redistilled water and filtered. o’o5 M-sodium tungstate '5c.c.) in the form 
of sol was added and then equivalent amount of hydrogen peroxide. After 
the addition of hydrogen peroxide was complete, the reaction mixture was 
cooled in ice. The precipitated quinhydrone was filtered off, washed with 
ice-cold-water and dried in a vacuum desiccator over sulphuric acid for a 
l>eriod of 7 2 hours. By this means a very pure quinhydrone was obtained 
having a sharp melting point of 171°, yield o*4g. 

Maleic Acid .—Hydroquinone (2 g.) was dissolved in redistilled 
water (100 c.c.) and filtered. Merck’s ix*rhydrol (35 c.c.) and oosM-sodium 
tungstate (100 c.c.) were then added. After a few minutes, the reaction 
began with the evolution of heat and carbon dioxide. The reaction mixture 
was then allowed to stand for about two weeks with occasional shaking. 
When the reaction was complete, the mixture having a slight yellow 
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colour, was shaken with animal charcoal and excess of hydrogen peroxide 
was completely decomposed. It was then filteied and the filtrate did not 
liberate any iodine from a solution of potassium iodide in sulphuric acid. 
It was found to be distinctly acidic; it easily reduced potassium permanganate 
and decolourised bromine water. After evaporating the solution todr\ness 
in a vacuum desiccator over sulphuric acid, maleic acid was extracted with 
ether. 

Attempts were made to isolate any other products such as formic acid, 
oxalic acid and tartaric acid but were not successful. 

Carbon dioxide. The formation of carbon dioxide can lx* easily shown 
by the method already given in the oxidation of cystine. 


Mr aswement of Kinetics. 

A sample of hydroquinone of chemically pine grade was taken and 
dissolved in water. In all our experiments we used redistilled water. 
Merck’s jxrhydrol was taken for preparing fresh solution of hydrogen 
peroxide. The sol was prepared by the usual method. 

In measuring the activity of peroxidase by oxidising hydroquinone to 
quinhydrone, Dey and Sitharaman (loc. n/.).scparated the precipitated quinhy- 
drone formed in a definite interval of time by filtration through Allihn tulx*. 
The quinhydrone was then dissolved in a mixture of alcohol and hydro¬ 
chloric acid (i: i) and a solution of KI was added. The liberated iodine was 
then estimated by thiosulphate. A correction for the loss of quinhydrone 
was made by carrying out a blank with known amount of quinhydrone but 
without hydrogen peroxide under identical conditions. 

The author has found that instead of isolating the quinhydrone formed 
form the reaction mixture, w hicli involves a certain amount of unavoidable 
error, it can be estimated in the reaction mixture itself spectrophotometri- 
cally by means of a Konig-Marten spectrophotometer. The reaction mixture 
after preparation was introduced into a small cell. It was then kept in a 
thermostat at a temperature of (3o±o*i°). After the reaction period 
(usually 45 minutes) the spectrophotometric reading was taken at a wave¬ 
length 525 fJi/JL and log tan /tan 0 found out, where 0 is the zero-reading usual¬ 
ly 45 0 on the circular scale of the spectrophotometer and B l is the reading 
after the time interval. The thickness of the solution was 8 mm. In this 
region of the spectrum, Beer's law is olxyed as shown, by Fig. 1, where the 
values of log tan /tan 0 plotted against concentration of quinhydrone give a 
straight line. Quinhydrone was prepared by adding hydrogen i>eroxide 
of moderate strength drop by drop in a mixture of sol and concentrated 



294 


B. C. KAK 


hydroquinonc and cooling the mixture in ice as described before. A 
standard solution was prepared by dissolving it in a minimum quantity of 
hot water and roughly adjusted to the pn of the reaction mixtures. All 
the experiments were relocated and concordant results were obtained. The 
results are expressed in terms of velocity constant 

■ r log tan 0 \ - log tan 6 

d. t. 

where d « the thickness of the solution expressed in mm., t ^ time in 
minutes, and are tabulated below. 


UuinhydronefM) 


log 


tan 
tan 9 


Table I. 

o*oi4 0*0175 
0*3931 0*5056 


( ’‘o°3.5 0*007 0*0105 

0*1001 0*1985 0*2991 


Taiii.e II. 


Effect of varying the concentration oj hydroquinonc. 


Temp.« 30". p„ 

F.o.(M) 

A ... 


= 3*2. H 2 < >2=o*o 23SM. Sodium tungstate0 001 M. 

0*00875 0*0175 0*02625 0*035 0*0525 0*07 

0*00019 0*00034 0*00053 0*00072 0*00010$ 0*(K)J4 


Table III. 

Effect of varying the concentration of H 2 () 2 . 


Temp. =30". 

Ph ~ 3 * 2 . 

h.q.= 

0-035 M. 

Na-tungstate*=oc 

01 A/. 

Com-, of HjOj(.V) 

. o'ojjS 

0*0476 

0 ’ 07 I 4 

0*095 ^ 

0*1191 

014:9 

K 

... 0 000*2 

o*ooo86 

0*00094 

0*001 

0*00103 

0*00103 



Table IV. 





Effect of varying the concentration of catalyst. 

Temp.=30°. #>«=3*2. H.Q.=o*035M. H a O*» 0*015931. 

Cone, of NajWO|(M) ... 0*00025 0*0005 o*ooi 0*002 

K ••• 0*00019 0*00034 0*0007 0*00122 



Log lan BJtan 0 . 
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Fig. i. Fig. 2. 




0-0035 0-007 0-0105 0-014 <>'0175 0-936 2-778 4-63 5-556 

Conc.o) quinhydrone. 1 /(’mo,—^ 


Tabi.e V. 


Effect of varying the p u . 


Temp. = 30°. H.Q.=oo35M. H 8 0 2 =oo 238M. Na-tungstate“o'ooiM. 


Ph ... 28 3-2 

K o-ooo6 000072 


4*2 

0-0013 


The reaction ii very rapid, gradually 
increasing with pu . 


Table VI. 

Temperature coefficient. 

pH-yi. H 2 () s =oo 238M. Na-tungstate-o-ooiM. 


H.Q.-0035M 


Temp. 


30 


H.0-07 Af 


Temp ... 2o* 


3 " 


|f ... 0*00024 0-00072 


K ... 0.00045 


0*0014 
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Table VTI. 
Effect of salts . 


Temp. = 30°. pa—32. H.Q.=o*o35Af. H^Og — 0*023831. 


Salts. 

Cone, in the 
reaction mixture. 

Cone, of sodium 
tungstate. 

K 

— 

— 

io-*M 

0.00072 

HgCl, 

ICT® M 

9 $ 

0*00072 

KCN 

»» 

II 

0*00072 


I11 order to measure the kinetics of reaction (III), that is, oxidation of 
quinone into carbon dioxide and maleic acid, we used higher concentra¬ 
tions of sol and hydrogen peroxide. With high concentrations of sol and 
hydrogen peroxide the velocities of the reactions (I) and (II) become very 
rapid in comparison with the reaction (III). 

We have always used hydrogen peroxide in excess and have measured 
the kinetics of the reaction by observing the pressure of carbon dioxide 
developed, as indicated by a mercury manometer, at any moment at 
constant volume. It is found that a very good unimolccular constant is 
obtained by applying the equation 


1ob 


Poe-Pt, 
Poc - P/, 


where Pt } is the pressure in cm. of mercury at anytime /| (in minutes) 
and Pt is the pressure at time / 2 and P<» is the pressure that should 
theoretically develop in accordance with the equation given, 
is obtained by means of the well known equation given in p. 298. An 
actual calculation how P* is obtained is given in Table I (vide infra). 
Poc may also Ik obtained with excess of H.^Og by noting the difference 
of initial and final reading after 72 hours, of the mercury manometer 
at the same temperature. The theoretical and exj>erimental values are 
almost equal if proper allow ance is made of the decomposition of hydrogen 
peroxide after 72 hours, CO* being absorbed by caustic potash, and the 
change in the barometric pressure. 

O.ving to initial disturbance due to the first reactions, the velocity was 
measured from 8-10% to 50-55%. 

The cxi>eriments were carried out in a constant volume type of respiro* 
meter (commonly called the Warburg tyi>e of manometer). The increase 
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of pressure due to the production of carbon dioxide was indicated by a 
manometer filled with mercury. The total volume upto the constant 
mercury level in the manometer was 45’2 c.c. and was determined by filling 
the vessel and the tube with mercury. The reaction mixture occupied 10 c.c. 
and the rest 35*2 c.c. was the amount of dead space. No carbon dioxide was 
formed by the action of hydrogen peroxide on hydroquinone in the absence 
of the sol. The w hole system was shaken 60 to 65 times i>er minute 
throughout the experiment. The vessels were completely immersed in a big 
thermostat which was maintained at a temperature of 25±o*i°. To correct 
for the changes of temperature and the barometric pressure, a similar vessel 
w'hich contained only water was used. It was always observed by keeping 
strict control in which the carlnni dioxide was absorlx*d by caustic potash, 
in a suitable reservoir, that there w as very slight spontaneous decom¬ 
position of hydrogen peroxide during the course of the experiment. 
All the experiments were repeated and reproducible results were obtained. 
In Table VIII is given the results of a typical experiment in detail. 

Table VIII. 

Temp. = 25". Ph =1-26. H 2 0 2 = o* 72M. Na-tungstate=o*oiM. II.Q.= 
0*025 M. Composition of the mixture®^ c.c. water 4 - 2 c.c, H.Q. + 2 c.c. 
dilute HC 1 + 2 c.c- H 2 0 2 +2 c.c. sol. 


Time. 

Manometric readings. 

A. B. 

niff. 

K. 

0 min. 

12 

12 

— 

— 

17 

12 

12*55 

<>‘55 (*) 

— 

57 

12 

14*75 

2*75 <2) 

0*00122 (l&2) 

94 

12 

i6*6 

4*6 (3) 

0.001 22 (1A3) 

152*5 

12 

18-25 

f>*2 5 ( 4 ) 

0*0012 (1A4) 

169 

12 

19-7 

77 (5) 

O 00X2 (1A5) 

217*5 

12 

21*2 

9 2 ( 0 ) 

o'ooj 16 (1A6) 

Px 

•_ 

— 

21*4 



Mean 0.0012 


Calculation of />».—The amount of CO* that should theoretically 

7 
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generate in the alcove reaction mixture according to the equations given is 
22 mg. and the volume it should occupy at N. T. P. 

*= - 22 c.c=ii*236 c.c. = ii236 c. mm., 

0*089 x 22 

0*089 nig. being the weight of 1 c.c. hydrogen at N. T. P. and 22 being 
the density of CO2. Now the equation is 


* 


X= h 



a 


where x = the amount of gas evolved in c. mm. at N.T.P. = 11236 c. mm., 
h =» corresponding reading of the manometer = Poc ? 
r„=the volume of the gas space in the vessel=35200 c.mm. 

7 ' = absolute temperature of the water-bath = (273 + 25)° = 298° 

\ \ = the volume of the liquid in the vessel=10000 c. mm. 

<x = the solubility of CO a in the liquid of the vessel at N. T. P.=o*759 
(f/. Bohr, 'Ann. phys. Chem ., 1899, 68 , 504). 

Pn®the normal pressure = 760 mm. Hg. 


11236 x 
271 

35200 'A 

298 


760 mm. 

10000 x 0*759 


= 214 mm. 


= 21*4 cm. 


Table IX. 

Effect of varying the concentration of hydroquinone. 

Temp. = 25°. pn =1*26. HgOj^o ’72M. Na-tungstatesso’oiM. 

H.Q.(Af) ... 0*0(183 0*0125 0 0166 0*025 0*033 

K (mean) ... 0*00125 0*00121 00012 0 0012 0*00118 


• IIw we have assumed the whole apparatus at temperature T. The manometric 
tube was, however, at room temperature. Since the room temperature wa» near about T 
and the volume of the manometer above the water level * as very small, the error intro- 
duced may safely be neglected. 
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Table X. 

Effect of varying the concentration of hydrogen peroxide. 

Temp.=25°. p a = 126. H.Q. s =o'o25M. Na-tungstate=o’«iM. 

H, 0 ,(JW) ... « - i8 (>’36 o‘54 o‘7* I'oS 

K ... 0*00067 0*00088 0*00106 0*0012 0*00x4 

i/K plotted against i/conc. of H 2 (>a gives approximately a straight line 
(c/. Fig. 2). 

Table XI. 

Effect of varying the conccntiation of sodium tungstate . 

Temp.=25°. pn m i a zb. H a 0 2 =o*72 M. H.Q.=0*025Af. 
Na-tungstate (Af) ... 0*005 0 01 0*015 0 03 

K ... 0*00068 00012 0*00165 000204 

Table XII. 

Effect of varying the p B . 

Temp.=25°. H.Q.=o*o’ 5M. H 2 (>2 = o‘72M. Na-tungstate**o*oiAf. 

Pu ... 126 1*7 225 3*1 4*i s'* 

A ... 00012 0*00122 0*0012 0*001x9 0*00118 0*00126 

At 5*1, we used acetate buffer at suitable concentration so that it 
did not cause any decomposition of hydrogen peroxide. It has got no 
influence of its own on the activity of the sol. 


Table XIIL 

Effect of varying the temperature . 
pu**! 26. HaC>3=o*72Al. Na*tungstate=o'oiAf. 


Temp. 

Cone, of H.(J. K. 

Temp. . 

Com . of IUJ. 

A\ 

25 ° 

00225M 0*00121 

* 5 * 

o*o 35 iV/ 

0*0012 

35 * 

0*0125. 0*00268 

35 * 

#• 

0*0029 


The temperature coefficient of the reaction is Q10*2*4 to 2*5. 
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Table XIV. 

Influence of potassium cyanide. 
Temp. = 25, pu =4*1. H.Q.=0025^. 


Com*, of Na*tung.state. 

Colic, of KCN. 

K . 

o* 01 M 

... 

0*0012 

0 01 

0*002521/ 

0*0012 

O'Ol 

0*005 

0*00119 


Potassium cyanide has got 110 influence on the catalytic activity of 
the sol. 

U. Oxidation of Hydroquinonc by means of Hydrogen Peroxide 
in Presence of Molybdic Acid Sol. 

In the case of molylxlic acid sol the experimental procedure is exactly 
the same as in the case of tungstic acid sol. The products of reaction are 
exactly the same with Ixith the sols. The velocity of the oxidation of 
hydroejuinone to quinone can be measured in exactly the same way as the 
tungstic acid sol. The results of kinetic measurements of the oxidation 
of quinone to C0 2 anil maleic acid are given l>elow. The velocity 
coefficient is determined in exactly the same way as the tungstic acid sol. 

Table XV. 

Effect of varying the concentration of hydroquinonc. 

Temp. = 25'. />h = i*i2. II 2 U2=o’ 72M. A111. molybdate=o‘o2M. 

ll.(J.(A/) ... 00083 00x25 00166 0025 0033 

K (mean) ... o 00135 o (XU31 0 0013 0 00132 0 00127 

Table XVI. 

Effect of varying the concentration of HsOg. 

Temp. = 25°. f»u = 2 5. H.Q.=o'o25M. Am. molybdate=o*oo5Af. 

HjOj ( M ) ... o 18 0 36 054 0 72 108 

K . . 0*00114 0*00117 0*00x19 0*00122 0*00128 

The velocity constant is practically independent of the concentration 
of hydrogen peroxide. 
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Table XVII. 

Effect of varying the concentration of Am. molybdate. 

Temp. = 25’. pu**i'i2. U.Q.=o'o2sM. H 2 U 4 = o'73 M. 

Am molybdate (M) ... o'oi 0 015 o'oj 01125 

K ... 000069 0*00099 00013 0*0016 

TABLE XVIII. 

Effect of varying the p u . 


Temp.=25°. H.Q. = o‘o25M. H20a=o‘72M. A111. molybdate — 0 02M. 


pn .. 

1*12 

x’ 5 * 

1^5 

2*1 

3 'i 

42 

5 *o 

K .. 

. 00013 

0*00194 

0*1x1225 

0*00268 

0*0030 

0*00314 

0003a 


The velocity constant increases as the p A increases. 


Table XIX. 

Effect of varying the temperature . 
pu = i*i2. Il20 2 = o’72M. Am. molybdate= o‘o2M. 


Temp. 

Cone, of H.£>. 

K. 

Temp. 

Cone, of Il.n. 

K. 

25 * 

O*j0125M 

0*00133 

* 5 * 

0025M 

0*0013 

35 

» 

0*0027 

35 

0*00272 


The temperature coefficient of the reaction is about 2. The reaction 
can similarly be carried out in presence of vanadic acid sol. 


C. Oxidation of Pyrogallol by means of Hydrogen Peroxide in Presence 

of Tungstic Acid Sol. 

The oxidation of pyrogallol in presence of i>eroxidase has been carried 
out by many workers. Prof. Willstatter and co-workers ( Annalen, 1918, 
116 , 21 ; 1923, 180 , 269 ; 1926, 119 , 156, 175) have studied the preparation, 
purification and activity of peroxidases derived from different sources. They 
studied the peroxidase activity by oxidising pyrogallol and estimating the 
quantity of purpurogallin formed. Rice and Hanzawa (Ind. Eng. t hem., 
1922, 11 , .201) have investigated the peroxidase activity in milk by. oxidising 
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pyrogallol in presence of hydrogen i>eroxide. Getchell and Walton (/. 
Biol. Chem. t 1931,81, 419) have studied the influence of some factors 
on the activity of i>croxidase in the oxidation of pyrogallol to purpurogallin. 

Many other similar works have been carried out for the determination 
of peroxidase activity by oxidising pyrogallol. Purpurogallin is obtained 
by the oxidation of pyrogallol in presence of low concentrations of tungs¬ 
tic acid sol and hydrogen ]>eroxide. In this paper, experiments were carried 
out to compare the activity of tungstic acid sol with peroxidases using 
pyrogallol as substrate. 


Isolation of Purpurogallin. 

Pyrogallic acid (5 g.) was dissolved in 150 c. c. of redistilled water and 
filtered, o'i Af-sodium tungstate (2 c. c.) in the form of sol was 
added. A dilute solution of hydrogen peroxide was then added in small 
quantities at a time. When the addition of hydrogen peroxide was 
complete, the reaction mixture was cooled in ice. Purpurogallin was 
separated, filtered, washed and then dried. It was then recrystallised from 
ether, yield 0 4 g. 

A pure sample of pyrogallic acid was taken and dissolved in conduc¬ 
tivity water. A fresh solution of pyrogallic acid was prepared daily. Merck's 
l>erhydrol was used for preparing fresh solution of hydrogen peroxide. 
The reaction was carried out at 30' in a Pyrex conical flask in which pyro¬ 
gallol, hydrogen peroxide and sol were added, the total volume being made 
50 c.c. Pyrogallol was oxidised to purpurogallin which could be easily ex¬ 
tracted with ether. 

I11 the case of oxidation with peroxidase, the reaction has been arrested 
after a i>eriod of ten to twelve minutes by the addition of suitable inhibitors 
such as strong hydrochloric acid, strong sulphuric acid, mercuric chloride 
and potassium cyanide. But in the case of sol as no such suitable inhibitor 
is available to stop the reaction, we had necessarily to prolong the time of 
measurement. One hour reaction period was found to be most suitable under 
the prevailing exi>erimental conditions. Purpurogallin formed was twice 
extracted with ether in a sei>erating funnel, first with 15 c.c. and then 
with 10 c.c. As the dye thus extracted was not absolutely pure but con¬ 
tained slight amount of colouring matter, the combined extract was washed 
with 10 c.c. of distilled water three or four times. By this means a very 
pure pigment was obtaiued. The volume of the extract was then made 
>0 c.c. und the value of log tan #1 / tan 0 was obtained sj>ectrophotometrically 
at wave-Jcnglith 5^5 (ifi. The thickness of the solution used was 4 cm. 
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The previous workers have estimated the amount of purpurogallin formed, 
by comparing the extract colorimetrically with a standard. But the present 
author has found that a great saving of time and trouble can be effected by 
estimating it spectrophotometrically. 


Fig. 3. 



40 80 130 160 200 

Cone, of purpurogallin (mg. / litre). 

Table XX gives the values of log tan 0, /tan 0 for various concentrations 
of purpurogallin at wave-length 525/*/*, the thickness of the solution used 
being 4 cm. In this region of the spectrum Beer's law is obeyed as shown 
in Fig. 3, where the values of log tan Q\ /tan 6 plotted against concentration 
give a stright line. From the readings in the spectrophotometer for the 
above wave-length, it is obvious that the concentration of an unknown 
solution can conversely be calculated. Purpurogallin was prepared by the 
method of Perkin and Steven (]. Chem . Soc. t 1903, 83, 192) and was recrys¬ 
tallised from alcohol and ether. The results are tabulated below. 

Table XXI. 

Effect of varying the concentration of pyrogalloL 
Temp. = 30°. pH **4-3. Hi0 2 = 8x jo~ 3 M. Na-tungstatc= s io“ 4 M. 
Pvrogallo! (mg./c.c.) ... 0*5 1 2 3 

PspvrogalHn (mg./litre) ... 071 105 160 200 


228 
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Table XXII. 

Effect of varying the concentration of HgO^. 

Temp.*= 30°. p n = 4-3. Na-tungstate = io~ 4 M. Pyrogallol *= 1 mg./c.c. 


ITjOj(Af) ... 

2 x jo"* 4 x 10"* 

8 x 10’ 3 

1*2 X IO" 1 

r6x io" s 

2 x 10' 

Purpurogallin 
(mg./litre) ... 

77 88 


124 

135 

135 


Table XXIII. 

Effect of varying the concentration of catalyst. 

Temp. = 30 './>h **3-1. H*< ) 2 =4x10 ~ 3 M. Pyrogallol= 1 mg./c.c. 


Nn-tungstate 

... 

5 x io* 5 

IO 1 

2 X io' 4 

3 * xo‘ 4 

Purpurogallin 
(mg./litre) 

... 

33 

66 

124 

180 


Table XXIV. 
of varying the pn . 

Temp. = 30 n . H 2 0 2 = 4 x io“ 3 Af. Na-tungstate ~ io~ 4 Af. 
Pyrogallol = 1 mg./c.c. 


p n ... 2*8 

3 *i 

3*5 

4*3 

5*3 

6*3 

Pnrpurogallin 

(mg./litre) ... 54 

65 

77 

88 

M 7 

100 


Table XXV. 


Table XXVI. 


Temperature coefficient. 


H,O g = 4 Xio- s 

Af. No- : 

Pyrogallol = 4 mg./c.c. 

tungstate = 10 

* 4 Af. /’n 

H 2 () 2 =4Xio~ s M. Na- 

= 4 * 3 - 


tungstate ■= 2 x 10“ 4 M. 


1 

/>« = 4 * 2 . 

Pyrogallol 

Pyrogallol , 


— 1 mg./c.c. 

^4 mg./c.c. 1 


Temp. 20° 3<»* 

20* 30* j 

Temp. io* 20* 

Purpurogallin 


Purpurogallin 

(mg. 'litre) 27 88 

5 <> 15 ° 

(mg. /litre) 44 706 
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Table XXVII. 
Effect of salts. 


Temp. "=30 \ 

H»0 2 = 4X ur 'M. 

pn =31 Pyrogallol 

“i mg./c.e. 

Salt. 

Cone, in the 
reaction mixture. 

Na 

tungstate. 

Purpurogallin 
(mg./litre). 

— 

— 

io~*M 

66 

HgCl, 

io’*A/ 

jo*« 

66 

KCN 

JO -4 

>> 

66 


Oxidation of pyrogallol can similarly he carried out in presence of 
inolybdic and vanadic acids. 


D. Oxidation of Guaiacol by means of Hydrogen Peroxide in Presence of 

Tungstic Acid Sol. 

The oxidation of ortho- cresol and guaiacol has been extensively 
carried out in presence of oxidases, peroxidases and other metallic salts 
(Bertrand, Compt. rend., 1903, 137 , 1264 ; Bansi and Ucko, Z. physiol. 
Chem., 1926, 157 , 192; 1927, 161 , 52; 169 , 177). 

According to Bertrand, guaiacol is oxidised in presence of laccase to 
a red comj>ound tetraguaiacoquinone according to the following 
equation, 

C e Hs(C)CH8)-0-0-C«,H»(()CHs) 

4 C<jH (()CH : *) + 2 Oa ^4 H«j() + 

C«H : »(( )CH a ) — () —() —CflH 3 (( KTHjj) 
(Tc traguaiacoquinonc). 

Peroxidase acts as laccase in presence of hydrogen j»eroxide. 

Tetraguaiacoquinone is a fine crystalline powder having a purplish-red 
colour with a faint green metallic lustre. It is insoluble in water, slightly 
soluble in ether and a little less so in alcohol, still less so in benzene and 
readily soluble in chloroform giving a red colour. It is also soluble in alkalis 
forming coloured solutions. 

With low concentrations of tungstic acid sol and hydrogen peroxide, 
the oxidation of guaiacol proceeds similarly and the product of oxidation 
can be easily extracted with chloroform. 
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The oxidation of guaiacol was carried out in exactly the same manner 
as the oxidation of pyrogallol and hydroquinone, at 25 . The solution of 
guaiacol was prepared in redistilled water. The reaction was carried 
out in Pyrex conical flask in which guaiacol, hydrogen peroxide and sol 
were added, the total volume being made 25 c.c. After the required time 
interval, the entire mixture was extracted with 25 c.c. of chloroform, leaving 
the reaction mixture colourless. The red chloroformie solution w'as then 
washed with water. The volume was made upto 25 c.c. and log tan 0j/tan 0 
determined. With the progress ot the reaction, the depth of the colour 
of the chloroformie solution increased which was followed by the rotation 
of the angle in the Konig-Marten spectiophotometer. All measurements 
were made at wave-length 525 fifi in a glass cell, the thickness of the solution 
being 1 cm. The experiments were all repeated and reproducible results 
were obtained. The results of kinetic measurements are represented 
graphically by plotting Jog tan ^/tan 6 against time. Table XXVIII gives 
the results of a typical experiment in detail. 


Fig. 4. Fig 5. 

hffcct of varying the conc» lnfluincc of hydrogen peroxide, 
of reducing substrateu 

(riiaiacol=o-oiq 8M. 

Cone, of H 2 ( )2 ==o*o 36M. Na-tungstate == 0*002Af. 

Na-tungstate**0*002ill. p u = 4 *4. /«2 4 . p» =4.4. Temp. =■ 25 f . 
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Fig. 6. 

Influence of hydrogen number. 

Guaiacol =o'oiyS M. = o-oi2.1/. Na-tungstate =* 0-002 Ai. 

Temp. =25“. 



13 30 SO 70 

lime (min ). 


Table XXVIII. 

Temp. = 25 0 . Pa = 44 H a 0 2 = 003 6M. Na-tungstate = 0-002 Af. 

Guaiacol =• 0-0588 M. Composition of the reaction mixture = 20 c.c. 


guaiacol soln. +1 c.c. water + 2 c.c. sol +' 2 c. c. 

Time ... <* s 10 

h*o 2 . 

20 

25 

3 ° 

Spectrophotometric 

readings ... 46 47’5 

SI’S 5 <Fs 

6l 

^5 


Log tan •|/tan 9 ... — 0*02279 

0*08423 0*l6406 

0'24I09 

0-31617 0-38944 


Log tan 0|/tan 9 




Log tan *iftan #. 
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a<)H 


hfjcct o) varying the temperature . 

Guaiacol = 00396A/. H*( >2 = *036^. Guaiacol=*0294 M. H2O2 — ‘036Af. 

Na-tungstate= , oo2iW. />»« = 4 * 4 - Na-tungstatc*=o“02M. pn =4*4- 

Fig. la. Fig. 7b. 






Io 30 50 60 

J ime {tnui) 


The reaction can similarly be carried out in presence of molyMic acid sol 
and vanadic acid sol. 


h Oxidation of ctSaPhthol and p-Phcnylcnedtaminc Mixture by Hydro- 
gen Peroxide in Presence of Tungstic Acid Sol. 

A mixture of a-naphthol and />-phenylenediamine or the so-called 
Nadi reagent has been extensively oxidised to measure the activities of 
oxidases, i>eroxklases, and other heavy metals as iron and copper (Guthrie, 
7. Arner. Chem. Soc. t 1931, 83 , 242; Harrison, Bioihcm. J 1929,28,982; 
Wertheimer, Ferment jorsch 1926, 8 , 497). 
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p -Phenylenediamine ou oxidation gives the corresponding dark purple 
di-iinino compound 


NH S 


NH 2 


+ H - O 

/ 

II-O 


NH 

n 

\/ 

NH 


+ 2H a O 


while in the case of Nadi reagent containing an equimolecular mixture of 
dimethyl-£-phenylenediamine and a-naphthol, the reaction consists in the 
oxidation of the diamine compound to a nitroso compound and the conden¬ 
sation of the latter with a-naphthol forming indophenol blue. 

Me„N-^_^)>NH 2 + 2H a O s —► MejeN-^_Y\(>+ 3 If a (> 


Me a N-< ( ^ >NO + H 


n 


\/ —> Indophenol blue. 

'OH 


The same end-products were obtained by replacing the oxidases or the 
peroxidases w ith tungstic acid sol. 

A solution of ^-phenylenediamine (o*i%) and a solution of a-naphthol of 
same strength were prepared fresh everyday and filtered. The reaction was 
carried out in a Pyrex conical flask in which the reactants and the sol were 
added in suitable concentrations, the total volume i>eing made 25 c.c. The 
flask was then immersed in a thermostat at 30°. At timed intervals the 
entire mixture was extracted with 25 c.c. of toluene leaving the reaction 
mixture colourless. No appreciable amount of spontaneous oxidation took 
place in presence of hydrogen peroxide alone at these intervals. 
The total volume w*as then made up to 25 c.c. and the spectrophotometric 
reading taken at wave-length 525 W, the thickness of the solution used 
being 0*5 cm. It has been found that the velocity coefficient of the reaction 
can be determined approximately by means ol the equation 

. . log tan 0 a -log tan 0 1 p 
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where is the spectrophotonietric reading corresj>onding to the time / 2 
and 0, conesponding to the time i Xt d being the thickness of the solution 
in mm. Indophenol in toluene solution has been found to obey the Beer's 
law at wave-length 525 w- The results are tabulated below. 


Table XXIX. 

Effect of varying the concentration of reducing substrate. 


Hs< ) 2 «=oo 2A/. Na-tungstate = o*oo2M. />« = 5. Temp. = 30°. 


/MM»eiiylenediaiiline in c.c. (o*r ; 0 solution filtered)... 
• Naphthol iti c.c. (o*i " 0 solution filtered) 


4 6 8 

4 6 8 


K(niean) 


0*0015 o*(x>3 00046 o*tX)64 


Table XXX. 


Effect of varying the concentration of hydrogen peroxide. 


Na-tungstate=o*( >02 M . pn = 5. 

■=*4 c.c. n-Nai»hthol=4 c.c. 

Temp. = 30 . 

/>-Phenylenedialnine 

H,0»(A1) 

0*005 0*01 

0*02 

0*03 

0*05 

K 

0*0028 0 *(X> 2 (> 

0*003 

0*00315 

0*(K>32 


E. Oxidation of Catechol , p-C 'resol, and other Phenols by means of 
Hydrogen Peroxide in Presence of Tungstic Acid Sol. 

Catechol, phenol, m- and />-cresol have lieen oxidised by tyrosinase 
and peroxidase with the foimation of ortho -quinone by Pugh and Raper 
(Biochem. 1927, 21 , 1370). o-Quinones are very unstable substances 
and have been isolated as dianilinoquinones by carrying out the reactions 
in presence of aniline. The reactions with catechol have been represented 


as follows; 

A 

Tyrosinase 

/\ Aniline 
l 1 _ 

Dianil ino-r- 
benzoquinone. 

U (,h 

OH 

(Catechol) 

free Oj 

peroxidase 

- 

n»o» 

C 

11 

\ = ^ 



(o-Beneoquinone) 
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But quite recently it has been suggested by Wagreich and Nelson 
(/• Biol, t hem., 1936, 118 , 459) that in the oxidation of catechol by 
tyrosinase, it is not o-quinoue but a hydroxy derivative of it which reacts 
with aniline forming dianilinoquinone according to the equation 


O 

II 



II 

OH 


+ PhNH 2 


o 

II 

// \=o 


O 

II 

9 "' 

NHPh 

+ h»o 


+ 0 + PhNH fl —► 


/V 

PhHN 

NHPh 

(DianiIino-o4x , iizofjui‘nf)iH'). 


Dianilino-o-bcnzoquinonc as described above can also lx? isolated by 
the oxidation of catechol in presence of tungstic acid sol and hydrogen 
peroxide by the method of Pugh and Raper as given below. 

Catechol (25 g.) and aniline (5 c.c.) were dissolved in a litre of water. 
Hydrogen peroxide (20 c.c., 5%) and 0*05A/-sodium tungstate (iocc.) in 
the form of sol were added. After some time a red precipitate was obtained 
which after 3 days, was filtered ofT, washed with 1% hydrochloric acid to 
remove excess of aniline and then w 7 ith water It was dried in vacuo and 
extracted in a Soxhlet apparatus with acetone On evaporation of the 
acetone solution, bright red needles seperated out. It was further purified 
by recrystallisation from acetone, imp. igi°, yield, 1 g ; other properties 
were identical with those of the product obtained by Pugh and Rapci 
Hoc. cit.). 

Dianilinohomoquinonc-aml (Cg^HsiONs) can similarly be isolated from 
/>-cresol, but the yield of pure product is small, some tarry substance also lx;ing 
produced. Attempts were made to isolate similar anilino-compound from 
tyrosine but were not successful. This is probably due to the fact that the 
o-quinone derived from tyrosine undergoes further reaction, i.c., form 
indole derivative (Raper, Biochem . 1927, 21 , 89). 

From the above, it is evident that oquinones are produced by the 
action of tungstic acid sol and hydrogen i>croxide on />-cresol and catechol, 
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All phenolic substances can be oxidised by means of hydrogen peroxide 
in presence of sodium tungstate or tungstic acid sol, ammonium molybdate 
or inolybdic acid sol and vanadic acid, finally with the production of carbon 
dioxide. 

Tincture of guaiacum has l>een extensively used in the detection of 
j>eroxidascs. In presence of j>eroxidases and hydrogen peroxide it turns 
blue. Replacing the j>eroxidases by sols, the same blueing of guaiacum 
takes place. 


(i. Oxidation of Tyrosine and Tryptophan by means of Hydrogen 
Peroxide in Presence of Tungstic Acid Sol. 

The oxidation of tyrosine and tryptophan which are substances of 
metabolic interest and are widely distributed in animal and plant oiganisms, 
have been carried out by many workers in presence of tyrosinase and 
I>eroxidase with the formation of coloured products. The problem of 
finding out the mechanism of oxidation of tyrosine by tyrosinase is a 
long-standing one and the exact nature of tyrosinase whether it consists of a 
single enzyme or a mixture of different enzymes has not yet been elucidated. 
All attempts to separate tyrosinase into components have hitherto failed. 

Various theories have been put forward from time to time to explain 
the course of oxidation of tyrosine by tyrosinase. Bach (Biochem. Z. t 1914, 
80 , 221) suggested that the initial action of tyrosinase on tyrosine could l>e 
represented as 

< )H‘Ci;H4'CHsCH'NHsC( K )H + H . 2 ( > * A (Hydrogen acceptor) 

(Tyrosine). 

~( ,CH S CH< > + NH, + CO* + AH S . 

(/>-!Ivdrnxvphcml acetaldehyde). 

Kolpmers (Biochem. Z. y 1916, 78 , 180) showed that the first action of 
tyrosinase on tyrosine was the production of ammonia and a hydroxyaldehydc 
by the action of a deamidase according to the equation 

OH C ft H4CH 2 CH*NH 2 C( K)H + ()=< >H'CaH<CHsCH< ) + NH ; < 4 CO a . 

The second ferment causes a fuither oxidation of the aldehyde (or its 
condensation product with ammonia) to a black pigment melanin. In the 
case of phenylglycine, the author succeeded in actually demonostrating the 
preaeoce of a deamidase in that he isolated benzaldehyde in the fopn of its 
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^-nitropheaylhydrazone. All other theories put forward held that ammonia 
was the first product in the oxidation of tyrosine by tyrosinase. Recently 
the course of oxidation of tyrosine by tyrosinase has been extensively studied 
by Prof. Raper and his pupils. The scheme of the reaction postulated 
by them may be represented as follows : 


^CH a CHNH 2 COOH ^CH 2 CHNTH a C()OH CH a CHNH a COOII 


'i 


o 


\/ 

OH 

(Tyrosine;. 


() 


Autoreduction 


\/OH 

OH 

(3 :4-Pihydroxyphc- 
mlalaninc). 


J=o 


HO/\_CH 2 


HO\/\/ CHCOOH 
NH 

(5 :6-Dihydroxyindole- 
2-carboxvlic acid). 


HO/ 


X_CH 


HO\/\/C'C()OH 
/ NH 



HO\/\/CH 
NH 

(5 : 6 -Dihydroxyindole 1. 


() 


0 = 


_/\ 


() = 




_CH« 


VV/CHL’OOH 

NH 

(Red substance). 


\utoreduction 
->. 


20 

-►C 8 H,() 3 N 

(Melanin)* 


From the above scheme it is evident that five atoms of oxygen are 
necessary per molecule of tyrosine to convert it into melanin (Duli&re and 
Raper, Biochem . 1930, 24 , 237) and at no stage of the reaction is 

nitrogen split off in the form of ammonia as supposed by other authors, the 
initial nitrogen atom being present in melanin*. 

Now it has been found that the behaviour of tyrosinase towards 
tyrosine and other phenols can be simulated by tungstic acid and molybdic 
acid sol in presence of hydrogen peroxide. Tyrosinase acts on tyrosine and 
some other tnonohydric and dihydric phenols. Phenylalanine which differs 

9 
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from tyrosine only in this respect that it does not contain any phenolic 
hydroxyl group, i- s not attacked by tyrosinase. Similar is the case with 
tungstic acid and tnolybdic acid sols. They attack all monohydric and 
dihydric phenols with the formation of coloured products but not phenyl¬ 
alanine. Though 0-dihydroxy derivative is produced by the action of 
tyrosinase on tyrosine (Raper, Biochcm. 1926, 20, 735) which is 

then converted into c-quinone, the 0-quinone can not be isolated as 
aniline compound as can Ik* done with other phenols (Pugh and Raper, 
biochcm. 7,1027, 21 , 1370). This is due to further reaction, i.c., the 
formation of indole derivative from tyrosine. Similar is the case when 
the tyrosinase is replaced by sol and hydrogen peroxide- No aniline 
compound could Ik* isolated. It has been shown by Happold and Raper 
(liiochcm 1925, 19 , 92) and Robinson and McCance (ibid., 1925, 19 , 251) 
that the system phenol-tyrosinase can bring about the deamination of an 
amino-acid added to the system. This has been explained by Happold and 
Raper to be due to the formation of an ortho -quinone which attacks the 
amino-acids. Hut it has l>een shown by Robinson and McCance (loc. cit.) 
that tyrosine is unable to bring about the external oxidation of 
amino-acids as />-cresol and other phenols do. The author in 
a subsequent papei (to Ik published shortly) has shown that in 
the above system tyrosinase can Ik replaced by sol-liydrogen peroxide 
with the same results but no deamination takes place when tyrosine is 
used instead of />-cresol. Melanin, a black pigment, has been isolated as 
the end-product in the oxidation of tyrosine by tyrosinase. At low concen- 
tiations of sol and hydtogen peroxide a black pigment containing 10-15% 
inorganic matter as impurities has been isolated from tyrosine. But when 
the concentrations of sol and hydrogen jKroxide are increased, both tyrosine 
and tryptophan are oxidised with the production of carbon dioxide,ammonia 
and other products, the nature of which is in the course of investigation. 

Prom the alnwe, it is clear that there is a similarity in the behaviour 
of tyrosinase and sol-hydrogen peroxide towards tyrosine but with high 
concentration of hydrogen peroxide ammonia is produced So experiments 
were carried out to show whether this deamination of tyrosine takes place 
during the first stages of the reaction as supposed by Bach, Folpmers and 
others in the case of tyrosinase. The results were found to be entirely 
negative. The black pigment that has been isolated is found to be free 
from any ammonia. When treated w ith sol-hydrogen peroxide it gives 
ammonia and car!>011 dioxide showing that ammonia is not the initial 
product of reaction. Further investigations to determine the course of the 
reaction are in progress. 
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Ammonia . Ammonia was determined at various stages of the reaction 
by the method of Whitehorn (J. Biol. Chew 1923, 56 , 751). Tyrosine 
(Pfansteihl, o 2 g.) was dissolved in a minimum quantity of hydrochloric 
acid and the volume made up to 100 c.c. The solution was then brought to a 
Ph 4 to 5. Hydrogen peroxide (5 c.c., 3 molecules of hydrogen peroxide for 
each molecule of tyrosine) and 10 c.c. of sol (6c.c., oo5JW-Na a WO*) were 
added and the ammonia was determined by the alx>vc method. The process 
consists in filtering the solution through a layer of permutite. About 5 c.c. 
of finely granular permutite were placed in uniform layer in the funnel of a 
Witts apparatus connected with a water-pump. The permutite layer was 
then washed with 2% acetic acid to neutralise any alkali present and then 
several times with distilled water to remove the traces of acetic acid. When 
the reaction mixture containing ammonia was filteied, it was washed with 
15 to 20 c.c. of distilled water four to five times. The permutite containing 
ammonia was then removed to a test tube and S c.c. of a 10% solution of 
sodium hydroxide added and shaken for a minute. It was then filteied and 
in the filtrate ammonia was estimated by modified Nessler s solution (Hock 
and Benedict formula). In the above reaction mixture no ammonia could 
be detected at any stage. Test estimations in which 0*5 to 1 mg. of 
ammonia was initially added, showed that the added amounts could be 
estimated almost quantitatively. But when excess of hydrogen peroxide 
(4 c.c., Merck's perhydrol) was added in the above mixture, the presence of 
ammonia could lie easily detected after 24 hours. 

Isolation of the Black Pigment .—Tyrosine (1 g.) was dissolved in 
minimum quantity of strong IIC 1 and the volume made up to 100 c.c. 
Hydrogen peroxide (10 c.c.i 5 molecules of hydrogen peroxide for every 
molecule of tyrosine)and 15 c.c. of sol (10 c.c., 0*05 M-Na2W()4> were added. 
After standing for two to three days a deposit of black pigment was obtained 
at the bottom of the solution. The supernatant clear solution was removed 
as far as practicable without disturbing the precipitate. It was then puri¬ 
fied by boiling with successive quantities of dilute hydroeliloi ic acid and 
finally washed with hot water by decantation for 15 to 20 times. After 
filtration it was washed again and dried in a vacuum desiccator containing 
sulphuric acid. On analysis it was found to contain 10 to 15% ash and 
nitrogen was present in sufficient quantity as shown by qualitative test 

In presence of milk poroxklase and H^O^ both tyrosine and tryptophan 
are oxidised (Elliot, Biochcm. J., 1932, 26 . 10) while in presence of plant 
peroxidase only tyrosine is oxidised and tryptophan is not (Biochcm. ]. 
1932, 26 , 1281). With tungstic acid and molybdic acid sols both tyrosine 
and tryptophan are oxidised, the former more easily than the latter. 
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The velocity of the first partial process of the above reaction has been 
studied by Raper and Worroall (Biochem. ]•, 1923* 454) and has been 

found to lie of inonomolecular type. The velocity coefficients are approxi¬ 
mately constant throughout the reaction. 


I) 1 s c v s s 1 o n. 

Below is given a comparison of the results obtained by the oxidation of 
phenolic substances in presence of peroxidase and tungstic acid sol by 
means of hydrogen peroxide. 

(1) At low concentration of hydrogen peroxide, the products of reac¬ 
tion are same in both cases. 

(2) In the case of peroxidase, as the concentration of reducing subs¬ 
trate is increased, the amount of the product of reaction increases upto a 
certain value depending on the experimental conditions and then begins to 
decrease {cf. C.etchell and Walton, /. Biol. Client,, 1931, 91 , 419 ; Dey and 
Sitharaman, ]. Indian Chan. Soc ., 1932, 9 , 499). But in the case of 
tuugstic acid sol as the concentration of the oxidisable substances increases, 
the amount of the product of reaction increases but the relation is not linear, 

(3) I11 the plant peroxidase reactions, the activity of the peroxidase 
increases with increase in the concentration of hydrogen peroxide but excess 
of hydrogen peroxide retards the activity and ill large quantities destroys it 
altogether (her., 1904, 37 , 3787; Annalcn, 1926, 149 , 175). But peroxidasic 
action of oxyhremoglobin, contrary to that of plant peroxidase, increases 
pronouncedly with rising H)« concentration and is different in different 
kinds of animals. With tungstic acid sol, the activity of the sol slowly 
increases upto a certain value and further increase of hydrogen peroxide has 
very little influence. 

(j) The increase in the concentration of both peroxidase and sol 
influences the reaction velocity but not in strict proportion to their increase 
in concentration. 

(5) ’With pyrogallol substrate and horse-radish peroxidase the optimum 
p n has been given as 7 by Bansi and t'cko (Z, physiol . them , 1926, 109* 
235) With hydi oquinonc substrate and “Chow chow M peroxidase, the 
optimum />». lies between 4*8 and 5 2 (Dey and Sitharaman, loc. ext .). 
The optimum p H for the oxidation of guaiacol is between p B 5 and 5*2 
(Bansi and Ccko, loc. cit.). But with sol and pyrogallol the optimum pm is 
5*3 and with guaiacol the optimum pu is 3 5. 

(6) In the twelve minutes’ reaction period, the weight of purpurogal- 
liu formed at io° is 140% of that formed at o°, and at 20°, 120% 
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of that formed at io°. From this, the temperature coefficient is given 
to be i"4 in the o-io° range, and i'a in the io-2o c range by Getchell and 
Walton (loc. cit.) The temperature coefficient in the case of sol and 
pyrogallol is 2*4 in the 10-20° range and 31 in the 20-30' range. 

(7) Potassium cyanide and mercuric chloride are strong poisons to 
peroxidases but they have got practically no influence upon the sol. 

,,(8) Most of the peroxidases are heat-labile except the pseudo-peroxi¬ 
dases which are thermostable. The sol is heat-stable and in this respect it 
reserilbles the pseudo-peroxidases. 

(9) Ultraviolet light is very active in destroying the activity of the 
peroxidase (Biochem. Z.. 1931, 241 , 384; Compt . icnd ., 19x1, 183 , 979'. 
But in the case of the sol the reverse case is found. Many photochemical 
reactions are being carried out in our laboratory in presence of the sob 

The mechanism of the oxidation of phenols by hydrogen i>eroxide in 
presence of tungstic acid, molybdic acid and vanadic acid sols can lie 
explained by the per-acid formation theory as has been done in the case of 
sulphydryl compounds. 

But Fernandes (Atii. R . Acad. Lined , 1925, 1,439; (iazzeita, 1925,88, 
424) has shown that organic compounds containing two hydroxyl groups in 
the ortho position react to give complex derivatives with salts of molybdic, 
tungstic and uranic acids. He has isolated two series of compounds accord¬ 
ing to the conditions and pioportions of substances employed. The tw'o 
series are 


2 1 

R 

r Z -1 

R 

X() 8 

and 

X<) 2 


h 2 o - 

R 

z - 

'r 


where X = Mo, W, or U; R = H, K, Na, Tl, guanidine, or pyridine; 
Z = C 6 H 4 (>2 or C0H4O3. 

Compounds of neither type are formed by either di- or trihydroxylated 
compounds unless at least two hydroxyl groups occupy ortho position to one 
another, such relationship being necessary for the development of co-ordina* 
fion valency. 

The author also has prepared similar complexes of pyrocatechol and 
pyrogallol with salts of tungstic acid and molybdic acid, and has studied 
their reactions with hydrogen peroxide. It.has been found that they also 
react with hydrogen peroxide with the production of carbon dioxide. The 
mechanism of the reaction can be explained as follows. 

When salts of tungstic acid and molybdic acid are allowed to react 
with orffeo-dibydroxy compounds, they oxidise the hydroxy compounds to 
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the corresponding quinones forming a complex. When hydrogel peroxide 
is added, the reduced salts are oxidised and the complex is dissociated. 
They then react with hydrogen peroxide forming per-salts wbtfch further 
oxidise the quinones with the production of carbon dioxide. 

Alxiut the mechanism of peroxidase action, majority of opiniOtts favour 
the formation of an active enzyme-substrate complex between thfc peroxi¬ 
dase and hydrogen i>eroxide (Willstiitter and Weber, Annalen , tQ26, 449 , 
156) and the view that the reducing substrate also combines with thte enzyme 
has not hitherto been accepted (Haldane, “ Enzymes,” I0JO Ed.). 
Willstiitter and Welier found that excess of hygrogen peroxide deeftases the 
activity of peroxidase and ultimately inhibits the reaction. Thi 5 inactiva¬ 
tion may be combated either by increasing the concentration oI reducing 
substrate or by decreasing the concentration of hydrogen peroxide t>y means 
of catalase To explain this phenomenon they suggested that the peroxi¬ 
dase reacts with hydrogen peroxide forming two additive compounds 
corresponding to the formulae IK > - OH and II 2 0 = <) for hydrogen 
peroxide. At low concentration of hydrogen peroxide it combine! with the 
peroxidase in the form II 2 < > = 0 to give a compound which is Citalytically 
active and in high concentration it combines as IK) - OH to give a 
compound which is relatively inactive and requires a high concentration of 
reducing substrate for its decomposition. 

As the above explanation is unsatisfactory in explaining all the observed 
facts, recently a theory has been put forward by Mann ( Biochan . ]., 
1931* 25 , 918) and by Woolf (ibid. t 1031, 25 , 342) in which they have put 
forward the hypothesis that all the substrates must be combined at the 
cn/yme befoie catalysis can take place. Both the reducing Substrate and 
hydrogen peroxide combine at their respective gioups which are moder¬ 
ately specific. But when hydrogen peroxide is in excess, it combines with 
the nonspecific group keeping the reducing substrate away and hence 
causing inhibition. This inhibition may be combated either by increasing 
the concentration of reducing substrate or by destroying the H 2 O s by means 
of catalase as shown by Willstiitter and Webei (lot. at.), Similar conclusion 
bus been drawn by Balls and Ilalc (J. Biol. Chan., 1934, 107 , 787) from a 
study of the inhibition and specificity of i>eroxidase. 

Shibuta (Acta Phytoclum Japan, 1929, 4 , 373) from a study of the 
complex metal salts, has deduced the follow ing theory of the mechanism of 
action of oxidases, peroxidases and catalases. According to him the 
oxidase combines loosely with H 2 0 in which process, part of its energy is 
transferred to H s O and activate it to HO - H. The OH radical dehydro¬ 
genates the substrate molecule and H combines with atmospheric oxygen 



OXIDATION OF PHENOLS 


319 


or with any other hydrogen acceptor. The peroxidase combines with 
hydrogen peroxide and similarly activates it to HO - OH. The HO radical 
dehydrogenates the substrate molecules. In a like manner, catalase acti¬ 
vates HgOs simultaneously to H — O - o - H and HO - OH. By 
mutual hydrogenation and dehydrogenation of these two activated forms, 
decomposition of hydrogen peroxide takes place. Thus the mechanism of 
the action of these enzymes is virtually the same. He showed that the 
mechanism of the activation of hydrogen peroxide by complex metal salts 
and by natural peroxidases wa9 identical, since mutual interference occurs 
in solutions containing the complex metal salt together with the natural 
enzyme. 

Now the study of the behaviour of peroxidases and tungstic acid, 
molybdic acid, vanadic acid with different substrates shows that the mecha¬ 
nism of reaction is not the same in both cases. Should the peroxidase activity 
be due to its combination with hydrogen peroxide alone as is the case 
with sols, there would not be such a marked difference os given in sections 
(B) and (C), when there is an inciease in the concentration of reducing 
substrate and hydrogen peroxide, the products of reaction being the same 
in both cases. The difference may be due to the adsorption of both reducing 
substrate and hydrogen peroxide in the case of pet oxidase as has Ixien 
assumed by Mann (loc. cit.). 

The author wishes to express his gratitude to Prof. J. C. Ghosh fot 
interest and help during the progress of this work. 


Chemical L\boraior\ , 
Dacca University. 
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Text book of Quantitative Inorganic Analysis. By I. M. Kolthoff 
and E. B. Sandell. Published by the Macmillan Company, New York, 
1936. Pp 749. Price, $4.50. 

Those, who have read the two volumes of “Volumetric Analysis'' by 
Kolthoff, will surely look up with great expectation to the present work by 
the same author on “Quantitative Inorganic Analysis." This expectation 
is more than fulfilled by a single perusal of the book. 

The most important feature of the book is its admirable and lucid 
treatment of the theoretical principles underlying the different analytical 
methods and procedures. 

The fx>ok is divided mainly into four parts. In the first part, dealing 
with gravimetric analysis, a full and clear treatment of the fundamental 
theoretical principles of such analysis has been given. The chapters on 
“Formation and properties of precipitates ’ 1 and “ Co-precipitation pheno¬ 
mena” need special mention in this connection. The reviewer has seldom 
met with such an able exposition of these very important subjects in any 
other text-book of analytical chemistry. This is followed by an account 
of the practical technique of quantitative analysis, such as the use of 
balance, calibration of weights, etc. A chapter is also devoted on the 
discussion of errors in quantitative analysis. The first part closes after 
describing clearly in detail the procedures for the determination of certain 
important individual elements and for their separation from one another. 
The procedures for the complete analysis of a typical rock like lime-stone 
and an account of electrolytic determinations are included in this part. 

The second part relates to volumetric analysis and follows the arrange¬ 
ment of the fiist part. A discussion of the theoretical principles involved 
in the various methods of volumetric analysis including those of electrometric 
titrations is followed by an account of the use of volumetric apparatus and 
the methods of their calibration. Finally, the methods of procedure for a 
number important volumetric determinations have been fully described. 

The third part deals with the principles and procedures of the 
colorimetric and spectrophotometric methods. 

Methods of procedures for the complete analysis of a few typical 
complex materials, such as brass, steel and silicate rocks, are described in 
the last part. 

The authors have purposely avoided describing a large number of 
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individual analytical procedures and have confined themselves only to a few 
typical examples which have been dealt with in all details, explanation, 
precision and care, so essential for the treatment of any analytical problem. 
A student, who has been able to make himself familiar with these examples 
described in the present volume, will find little difficulty in selecting the 
corresponding procedures for the analysis of any new material. 

There are a few inaccurate or incomplete statements in the book ; for 
instance, on p. 8i, in describing the uses of quinaldinic acid as a reagent, 
the authors state that ‘'copper can be quantitatively determined in the 
presence of these (Cd, Mn and Co) metals whereas this separation can lx? 
effected in the presence of many other substances such as Pb, Ni, P 8 O a , 
As , 0 3 , As a O r „ alkaline earths and magnesium. Similarly, it has not been 
mentioned that zinc can be estimated by quinaldinic acid in the presence of 
P 2 0 5> Fe, Al, Be, U and Ti besides M11, Mg, Ba, Ca etc. 

Further, on p. 73, in dealing with precipitation at controlled />„ the 
authors give prominence to their own method based on the use of benzoic 
acid and ammonium benzoate. We have tried this method in our laboratory 
and found it of little use, specially in the separation of Cr from Co. The 
authors have summarily dismissed the hexaininc methods, developed by the 
reviewer, which has been found quite useful bv several workers in the 
separation of Fe from Z11, M11, Ni and Co. 

However, these are of minor importance. 

There seems to be an error on p. 413, line 3 and 4 from the liottom, 
where the word “mole" should be substituted by “atom.” 

This book should be owned, read and used by all students of chemistry, 
to whom it may be strongly recommended. liven the teachers will find it 
of great help and use during the course of their instruction and work. 

The printing and get-up of the book leave nothing to Ixj desired, and 
the price is also moderate. 


P. R. 

Chemists, their Lives and Works. Bv S. V. Divkkar, B.Se. PUB¬ 
LISHED BY THE STANDARD PUBLISHING COMPANY, BOMBAY, IQ36. Pl\ 2C)8 + 
XIV. 

The lives and works of as many as thirtyone chemists (along with their 
portraits) have been embodied in this small volume and the author has been 
forced to condense the matter. This volume is specially intended for the 
B.Sc. students of the Boml>ay University and the author ‘has always kept 

10 
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in mind two main facts, firstly to pick up as many chemists as possible 
and secondly to condense their works in such a way that facts are not 
sacrificed for space and time believing that the experimental details can be 
easily picked up by any one who desires to do so/ 

The f>ook is a welcome abridged edition of the voluminous books on 
this subject and would 1* very much helpful to the students as the salient 
features of the works of the distinguished chemists have been represented 
with precision and brevity. The inclusion of the works of some of the 
living chemists has made the lx>ok all the more attractive. The life and 
work of Sir P. C. Ray> the father of chemical research in India and the 
foundet of the Indian Chemical Society, would be a source of inspiration 
to the young generation of chemists. 

In spite of the care taken by the author minor inaccuracies have crept 
into the book. The Author-Index, the Subject-Index and the Bibliography 
have added to the usefulness of the book, but a keen student will seriously 
miss the references to original Journals, which a book of this nature is 
exjucted to contain. 


D. C. 



The influence of strong electrolytes and 

MERCURIC CHLORIDE ON THE CONDUCTIVITY 
OF AQUEOUS BENZOIC ACID. 

By Shridhar Sarvottam Joshi and Dushyant Nakasinuasa Soi.anki. 


Alfred Tingle (]. Amer. Client. Soc., 1899, 31 , 792) was perhaps the first 
to make accurate measurements of the electrical conductivity of benzoic 
acid in aqueous solutions The conductivity of such a weak acid in the 
presence of electrolytes lias been studied by various investigators. Pouchon 
measured the conductivity of phosphoric acid in the presence of its salts 
(Radium J., 1908, 5 , 167). Boeseken and Verkade (Rec. trav . chim., 1916, 
36 , 167) studied the influence of oxalic acid on the conductivity of aqueous 
boric acid. Kendall and Andrews (J. Amcr. Cltem. Soc., 1921,48,1545) 
from solubility measurements found that the solubility of benzoic acid is 
depressed due to HC 1 added, and that the conductivity of HC 1 is reduced by 
benzoic acid. McBain and Kam (J. C/icm. Soc., 1919, 118 , 1532) studied 
the effect of a number of neutral salts on a weak organic acid like acetic 
acid, by vapour pressure measurements. Kolthoff and Bosh (Rec. irav. 
chim ., 1927, 46 , 430) observed that these salts decrease the H-ion activity in 
dilute HC 1 solutions but at higher concentrations have the reverse effect. 
Meer Wien ( Annalcn , 1927, 486 , 227) observed an increase in the ionisation 
of weak electrolytes by complex formation. Kolthoff (Rcc. trav. chim, 

1928, 47 , 861, 872) showed that neutral saits increase the activity of un¬ 
dissociated acid; the constant K is not increased, in close agreement with the 
results obtained by Guntelberg and K. Schildt (Z. physikal. t hem,, 1928, 
138 , 393). The influence of neutral salts on acids, with special reference to 
catalysis in solutions, has been discussed by Dawson (Proc. Leeds Phil. Soc., 

1929, 1 , 491). Larson (Syensk. Kern Tidsks , 1929, 41 , 130) hasstudied the 
effect of strong electrolytes on the distribution of acetic acid between water and 
an organic solvent like benzene, ether, etc. The activity coefficients of l)eu- 
zoic acid, the benzoate ion, in the presence of neutral salts, have been 
studied from e. m. f. and solubility measurements by various investigators.* 


• Chase and Kilpatrick (/. Amcr. Chem. Soc., 193J, 58 , 2589; 1931, 58,1732); 
Larson (Z . physikal. Chem., 1931, 158 , 466; 1131, 188 , 299; /. anorg. Chem , 1931, 196 , 
354; Z. physikal. Chem., 1931, 157 , 342); Kolthoff and Bosch ( J.Phys Chem., 1932,86 
1685, 1695, I 7 ° 2 ) • 
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Recently a number of investigators! have determined the dissociation 
constant K of benzoic acid at 25° from conductivity and solubility 
measurements, which show K to be variable in the range 6*295 x io~ 5 
to 67x10"^. The value recorded in this paper is 6*24x10“* (c/. 

Table Ij which is very near the results of Saxton and Meir Hoc. cit .). Data 
are given to show the influence of different concentrations of L,iCl, NaCl 
KCI, RbCI, CsCI, HC 1 , BaCl 2 and HgCl 2 The inclusion of HgCl& was 
suggested by observation of some of its rather remarkable and anomalous 
Ixdiaviour as a coagulant (cf. Joshi and Kulkarni, /. Indian Chem.Soc ., 
1936,13, *139; Joshi and Menon, ibid., 1037, 103; Joshi and Ramdas, ibid.). 

It might also lx; added that some- unpublished work by Mr. Haldhar 
and one of 11s from these lal>oratories showed a depression, in numerous 
cases, of the partition coefficient of lx?nzoic acid between toluene 
and water in the presence of the electrolytes This might be due to (a) an 
increase in the ionisation of Ixmzoic acid in the aqueous phase, (b) a 
salting-out effect”, (<) alteration of such factois as the solubility, dielec¬ 
tric constant and therefore the dissociating power of the medium. The addi¬ 
tion of the electrolyte would also affect the degree of the polymeiisation of 
the solvent (Subramann and Preyor, /. physihnl. Clum , 1933, B, 20, 17, 53). 
It w*as of interest, therefore, to examine the above possibilities by studying 
the conductivity of aqueous lxmzoic acid in presence of the series df 
electrolytes mentioned alxive. 


Iv x r e K 1 M 1*: N '1 a 1,. 

1 he conductivity determinations of benzoic acid in presence of the 
electrolytes LiCl, NaCl, KOI, RbCI, CsCI, BaCl 2 , HC 1 and HgCl» of 
Kahltxuuifs guaranteed extra pure chemicals were made at 25 ± o*r°. The 
containers were all of high resistance Jena glass. The conductivity cell, 
used, was of Pyiex glass; with the platinum electrodes, each of 1 sq. cm. 
area, fixed vertically, the inter-electrode distance being 12 cm. The bridge 
employed for the determination of electrolytic resistances was Pye's modified 
Post Office Box of dial resistance type; a small Kohlrausch's induction coil 
was used as an A.C. generator. The conductivity water used for experi¬ 
ments was piepared by distilling twice distilled water in a silica distiller and 
collecting only* the middle fraction. This stock of water which w*as used for 

1 Hrockmann and Kilpatrick (J. -Inter Chem. Soc., 1934, M, 1483); Vogel and 
Jt-lk-ry {them, hid., 1934, S3, 779, PitU. Mag., 1931, vii, 18, 901' ; Saxton and Meir (/. 
Amcr. Chem . Soc., 1934, 56, 1918). 



THE INFLUENCE OF STRONG ELECTROLYTES, ETC. 325 

making the various solutions was examined eveiy now and then for its 
constancy of conductivity, the si>ecific conductivity Ixmig rS;K x u" ,; mhos. 
The cell constant was determined every now and then by using freshly 
prepared A r /5o-KC 1 solution at 25 ± 0*1°. The electrodes with fresh plati- 
nised surfaces were always kept immersed in conductivity water after the 
completion of an experiment. 

Table I gives the values for the c nductivities of benzoic acid for differ¬ 
ent concentrations (iV/50 to N/ 1200) l 1 'or calculating the value of a, the 
degree of ionisation, the value for the equivalent conductivity (A*) of 
benzoic acid at infinite dilution is taken to l>e 381*3 mhos. The values for 
K 9 the dissociation constant, are recorded in the last column. 

In Tables II to XXI are recorded the values for the conductivities of the 
mixture of benzoic acid and each of the electi olytes mentioned above. The 
strength of the mixture in terms of its components, benzoic acid and the 
electrolyte, is recorded in column 1; the couccntuitions of the components 
are expressed for the system aflii mixing. Columns 2 and 3 give 
respectively the lesistance in ohms foi the mixed solutions and that for 
varying concentrations of the electrolyte, measured foi the corresponding 
concentrations of the electrolyte present m the mixture as shown in 
column 1. In column 4 are given the specific conductivities in mhos for the 
mixtures; in columns are given the specific conductivities for the corres¬ 
ponding concentrations of the electrolyte. In column ft aie given the values 
for the specific conductivity of benzoic acid obtained by subtracting the 
specific conductivity of the electrolyte (column 5) from that of the mixture 
as given in column 4. The specific conductivity of pure benzoic acid is 
given at the bottom of column 6 in Table II. This scheme has been fol¬ 
lowed in the subsequent tables. 

Tables II-III show the influence of LiCl in the range Nj 64—A 74 <*X> 
for N/zoo and N/ 200-benzoic acid. Tables IV-VI refer to NaCl whose con¬ 
centration was varied over the above range in the presence of jV/ioo, N/i$v 
and N/ 200 benzoic acid. Tables VII—IX refer to KC 1 , the concentrations of 
both benzoic acid and KC 1 being the same as in the previous case. Tables 
X—XIII refer in the same way to RbCl and CsCL Tables XIV—XVI refer 
to the use of BaCl 2> XVII and XVIII of HC 1 and XIX—XXI to that of 
HgClg. 

In drawing the curves, show n in Figs. 1, 2, 3, the square roots of the 
normalities of each of the above electrolytes (except in the case of ftgClj, 
Fig. 3) have been plotted along the abscissa*; the corresponding sj>ecific 
conductivities of the benzoic acid in the mixture, as calculated by difference, 
are shown along the ordinates. 
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Table I. 

Conductivities of benzoic acid soln. at 25 + 0 1*. 


Strength 
of acid 

Resistance. 

Conductivity Degree of ioni- Dissoc. const. 



Sp. 

quiv 

sation. 

K. 

\ 50 

890*0 


0*0 >04154 

20*77 

0*05449 

6*28 * 10"® 

S' 100 

1279*0 


O-0C029I3 

29*13 

0*07640 

6*32 

S / 200 

185 vo 


0*0002'>1 1 

40*22 

0*1055 

6*222 

N 400 

2695* r> 


0 1**01382 

55*28 

0 1450 

6*13 

■V '75 

iio7*c- 


0*0003367 

25-25 

0*06623 

6*269 

.V 150 

1594*0 


0-000 >337 

35 *° 6 

0-09196 

6*21 

A’ < 301 

2306*0 


0 oo*>j6i6 

48*48 

0*1272 

6*174 

S’ 1 boo 

3329*0 


0*0001120 

67-16 

0*1762 

6*277 

N 1200 

4899*0 


0*00007605 

or 27 

0*2394 

6*279 






Mean 

6*24 x IO"* 6 




Ta«i. 

K II. 




Mixlutrt 0 

I X, 10 o-bnizou and and LiCl at 25 ±0*1 

0 

No. Composition. 

Resistance of 

Specific conductivity of 







N! loo-benzoic 


mixture. 

Lid nnh 

mixture. 

LiCl only. 

acid calc, from 






diff. 


->■**' 






1 N '100 .V '64 

195*3 

232*6 

0*001931 

0*001622 

0*0003090 

2 

4 N/128 

332’5 

452*0 

0*001116 

0*0008332 

00002828 

•o 

3 § » 

* *£ 

| A*/256 

523 

892’0 

0*0007201 

0*0004211 

0*0002990 

0 

4 '§ .. 

E A’/ 5*2 

73 b* 5 

, 743 *° 

0*0005107 

0*0002144 

0*0002963 

0 

D 






U 

5 a >. 

*5 S *021 
i 3 

930*0 

3 D 8*5 

O’CV KJ404I 

0*0001082 

0*0002949 

6 

\ 2048 

o> 75*5 

668o*o 

°HK> >3491 

0*00005424 

0*0002949 

7 

\ }'K/> 

1165 

12850*0 

0 -(KK> 322 I 

0-0000271 »9 

0*0002951 

8 

onl\. 





0*0002913 

In the 

tables Resistance f R ) has lieen expressed in ohms, and Conductivity (sp. and 


eqttiv.) in mhos. 
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Table III. 

Mixture of N j200-bcnzoic acid and LiCI. 
Cell constant = 0.3777. 


No. 

Composition. 

R. of 

Specific 

conduct vity of 




mixture. 

mixture. 

N/200-acid 
calc, from did. 

1 

N 200 

.\ t/ 64 

205-1 

0*001839 

0-0002173 

2 

M 

^ N/128 

361 -6 

0-001042 

0*0002090 

3 

T 3 » 

3 N'J 5 6 

597 ’° 

0-0006306 

0.0002095 



O 




4 

CO 

O »• 

E n 'SI2 

p 

896*0 

0 0004195 

0’0002051 

5 

s 

1” 

M 

•§ V'n>24 

1198-0 

0*0003132 

0 000205c* 

6 

N 2048 

1456-0 

0*0002574 

0*0002032 

7 

»• 

N/4096 

1618 0 

o-rx)023i4 

0-0002043 

8 

,, onlv 




0*0002011 


Table IV. 


Mixture of N / 100-benzoic acid and NaCl. 


No. 


1 

2 

3 


7 

* 


Composition. 

Resistance of 

Spec 

i fi c condu 

c t i v i t y of 



mixture 

NaCl 

only. 

mixture. 

NaCl only. 

NZ 100-acid 
calc, from diff. 

N tioo 

N/64 

i 77*4 

205*6 

0*002126 

0*001835 

0*0002910 

•s 

•• c 

N 128 

307*45 

399 *° 

0*001226 

0*0009446 

0*0002816 

N 256 

490-0 

777-6 

0-0007689 

00004839 

0*0002850 

? - 1 

NZ$12 

7 ° 3*4 

>536-5 

0*0005351 

0.0002440 

0*0002911 

’c .§ 

a ’ ’S 

N/1024 

913*2 

3004-0 

0*0004117 

0*0001239 

0*0002878 

as #t * 

N/2048 

1062*0 

- 5895-0 

0*0003538 

000006223 

0*0002916 

M 

», only 

N/4096 

1158 0 

11200*0 

0*0003243 

0*00003189 

0*0002924 

0*0002913 
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Table V. 





Mixture of N 1 i$o-bcnzoic acid tmdIMCi 


No. 

C imposition. 

R. of 

vS pec i fi r cond 

activity of 




mixture. 

mixture. 

Nf 150-acid 
calc, from diff. 

i 

N 150 

N' 64 

182-3 

o- 002070 

0-0002350 

2 

»• 

N 128 

32l'() 

0-001171 

0*0002266 

3 

ns 

*C n 

-g N/2S6 

529*0 

0*0007121 

0*0002282 


€0 

t 




4 


3 N '512 

O 

755*4 

00004790 

0*0002350 

5 

1 ” 

M 

B N 1024 

n* 53*4 

0*0003566 

0*0002327 

6 

jjj .V 2048 

12^8 "O 

0-0002960 

0-0002358 

7 

• • 

A/ 4096 

1402-0 

0-0002677 

0-0002338 

8 

„ onlv. 


Taih.k VI 


0-0002337 


Mixture of N / 200-brnzoic acid and NaCl. 


No. 

Composition 

R. of 

Specific conductivity of 




mixture. 

mixture. 

N/200-acid 
calc, from diff. 

f 

N, 200 

iV 64 

185-2 . 

0-002037 

0*0002020 

2 

11 

•8 

.1 X 

A» '128 

331-3 

0*001136 

0-0001936 

3 

N^2*6 

558-0 

0-0006751 

0-0001912 


5 & 


4 

C X 

* M O 

V e 

N/512 

845-5 

0*0004448 

0*0002008 

5 

s p 

N/1024 

1159-5 

0*0003242 

0*0002003 

6 

• • ^ 

K, 2048 

1420*0 

0-0002642 

0*0002037 

7 

•1 

N 4096 

159°*5 

0-0002356 

00002037 

8 

. , only. 




0*000201; 
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Table VII. 

Mixture of N jloo-benzoic acid and KC 1 . 

Resistance of Specific conductivity of 


No. 

Composition. 

mixture. 

KC 1 . 

mixture. 

KOI only. N/100-acid 

calc, from diff. 

1 

N/100 

N/64 

152-1 

172*9 

0 002481 

0*002183 

0 0002980 

2 

•* 

N/128 

268 0 

337 2 

0*001407 

0*001118 

o*ixx)289o 

3 

»» 

‘g N/256 

440 0 

665 0 

0*0008563 

0*0005660 

0 0002903 

4 

*3 

ta 

0 ” 

•S N/512 

6 53'2 

1318 0 

0*0005763 

0*0002846 

0*0002917 

5 

1 .. 

I N/1024 

*67 5 

2604 0 

0*0004334 

o*(xxn43i 

0 0002903 

6 

« 

»» 

f N/2048 

1036 (> 

5 11 4 ’° 

0 01x13627 

0 o«xx»7I98 

0 *ocx >2907 

7 

„ 

N '4096 

1142 O 

9825 0 

o‘cxx>3288 

o‘txxx»3656 

o*otx>2923 


8 N/ioo-acid 001x12913 

onlv. 


Table VIII. 

Mixture of N / iso-benzoic acid and KC 1 . 


No. 

Composition. 

R. of 
mixture. 

Specific 

mixture 

conductivity of 

N, 150-acid 
calc from diff. 

1 

N 150 

AM64 

155*0 

0*002434 

( wxm)25Io 

2 

»• 

N/128 

2787 

o*<x>i 353 

o*fxx>235o 

3 

•o »» 

X N/256 

471 6 

ocxx>799o 

o-rxx>233o 

4 

3 

0 ” 

*8 N/512 
g 

727-0 

0*0005176 

0-0002330 

5 

a » 

.g N/1024 

996-0 

0*0003772 

0*0002341 

6 

*» 

g N/2048 
N/4096 

1221*0 

0*0003074 

00002354 

7 

tt 

I 378*0 

0*0002721 

0*0002356 

8 

N/150-acid 
only. 

... 

- 

... 

0*0002337 
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Table IX. 


Mixture of N / zoo-benzoic acid and KC 1 . 





R. of 

Specific 

conductivity of 

No. 

Composition. 

mixture 

mixture 

N/200-acid 
calc, from di 

i 

N/200 

N/64 

158-8 

0-002376 

0*0001930 

2 

•• 

N/128 

0 / 

289-0 

0*001305 

0*0001870 

3 

.*2 

•| W/25A 

493 '° 

o-o< k >7642 

0-0001982 

4 

* .. 

1 N/sm 

6 „ 

778.0 

0-0004835 

0-0001989 

5 

^ »» 

.2 JV 1024 

Hxji'O 

0 * 0 fK ->3442 

0-0002011 

6 

*1 

I JV 2048 

G* 

1370-0 

0*0002738 

0*0002018 

7 

»» 

N/4096 

1578-0 

<>•0002371 

0-0002006 

8 

N/aoo acid 
only. 

... 



0 - 0 <X> 20 I 1 


Table X. 


Mi.xtun of SInro-benzoic acid and khCl. 





Resistance < f 

S p e c i fu* 

conduc 

* tiv i t y of 

No. 

Composition. 

mixture 

RhCl 

mixture 

RhCl onlv 

A’ i<k -acid 


— 

— 


only 



calc, from diff. 

1 

A’*100 

A1 128 

260-4 

326-2 

0-001448 

0*0001156 

0*0002920 

2 

•d 

•3 N 256 

X 

428-6 

647-4 

0*0008794 

0-0005815 

0-0002979 

3 

'§ » 

1 N lS n 

635*5 

2278-0 

0-0005925 

0-0002937 

0-0002988 

4 

1 ” 

| N/1024 

847-8 

2490-0 

0-0004436 

00001499 

0*0002937 

5 

& .. 

§ 

B 

1022 0 

4948-0 

0-0003678 

0*00007450 

0-0002933 

6 

• • 

Otf A’ /4096 

II36-O 

96270 

0-0003307 

0*00003740 

0-0002933 


7 


N ' 100-add 
only. 


0*0002913 
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Table XI. 


Mixture of N 1 200-ben:oic acid and RbCl. 


No. 


Composition. 


Resistance Specific conductivity of 

of mixture. mixture. N/aoo-acid 

calc, from dift. 


I 

Nf 200 


N/12R 

2 

>1 

rr\ 

•g 

X 

N/256 

3 

. 

0 

0 

3 

u 

N/512 

4 

O 

'8 '» 

a 

0 

N/1024 

5 

R 

Si M 

'•0 

3 

p 

N/2048 

6 

ii 


N/4096 

7 

Nf aooa-oid 
only. 


... 


277*2 

0*001361 

0*0002045 

477*9 

0*0007885 

0*0002070 

751*0 

0*0005011 

0*CKX)2074 

1063*0 

0*0003535 

0 *(XK >2036 

1354*0 

0*0002771 

0 *CXK) 202 f> 

i 5 6 5 *o 

0*0002305 

0 *(XX> 202 I 

... 


O*CXX) 20 II 


Taiii.e XII. 

Mixture of S 1 100-bcmoic acid and CsCl. 


No. 



Resistance of 

S p c* c i 

fie conductivity of 

Composition 

CsCl 


N/loo-ncid 

mixture, only. 

mixture. 

CsCl. calc. from ditf. 


1 

2 


6 

7 



N/128 

261*2 

325*5 

1 

N '256 

425*4 

645**1 

N/512 

638*3 

1275*0 

*3 

5 

ei 

N/1024 

850-5 

2488-5 

*35 

g 

N/2048 

1019*0 

4945*° 


N '4096 

1131’° 

964*0 


N/ioo*acid 

only. 


0*001445 

0*001158 

0*0002870 

0*0008860 

0*0005832 

o-cxx)3o25 

0/0005890 

n*rxx>294i 

0*0002955 

o*fxx>4422 

0*0001491; 

0*0002923 

0*0003690 

o*ixxk)7456 

o*rxx>2944 

0*1x103321 

o*(xxx»375i 

0*0002948 

... 


o>ixxi29i3 
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Table XIII. 


Mixture of X/200-bancoir acid and CsCl. 


N o. 


Composition. 

Resistance 
of mixture. 

Specific 

mixture. 

conductivity of 

N/ 200-acid 
calc, from diff 

i 

N / 2(H) 

N /128 

2763 

0*001365 

0-0002070 

2 

• • 

^ N/2 ^ 6 

475*5 

0*0007923 

0*0002091 

3 

'C »• 

CO 

J N/512 

752*5 

0*(XX>5CK)1 

0-0002057 

4 

(j 

1 " 

£ ” 

g N/1024 

1061-5 

o*<xx)354o 

0*0002041 

5 

0 

N/ao|8 

1348-0 

o-cxx)2783 

0*0002037 

6 

- 

^ N 4006 

1553 5 

0*0002413 

0-0002040 

t 

N 7 200-acid . . 

# # 


0*(XX>20II 


only. 


Table XIV. 


Mixture of N / loo-benzoic acid and RaCl 2 . 




Resistance of 

Rpe ci fi 

c conductivity of 

No, 

Composition. 

mixture. 

BaClj only. 

mixture 

BaClj only. 

N 100-acid 
calc.from diff. 

i 

V'loo N64 

1700 

197*5 

0*002220 

0-001910 

0*0003100 

2 

„ ^ N/ia8 

292*0 

380*8 

0-001291 

0*0009898 

0-00030x3 

3 

1 •• jj N '« 6 

4655 

740*0 

0-0008093 

0-0005085 

00003012 

4 

| •• jj 

6750 

1452*0 

00005571 

0-0002582 

0-0002989 

5 

£ .. ‘I A' »°*4 

88! .5 

2824-5 

0*0004266 

0-0001319 

0-0002947 

6 

N'aotf 

1043*0 

5468 s 

0-0003602 

0-00006719 

0-0002930 


A’/ 100-acid 

_1.. 

. 

... 

... 

... 

0-00029x3 


only. 
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Table XV. 



Mixture of N, 150 -benzoic acid and BaCl s . 

Specific conductivity of 

No. 

L<. in position 

R of 
mixture 

mixture. 

N / 150-ncid 
calc, from cliff. 

1 

N 150 .V/64 

176*8 

0 002134 

o-(xx)224o 

2 

0, N/128 

*c 5 

3 og*g 

0*001216 

0*0002263 

3 

■§ n fe N/256 

508-9 

0*0007401 

0-0002316 

4 

*5 M I N' 5 m 

N C 

75 °'° 

0*0005016 

0-0002432 

5 

£ „ X N/1024 

w 

1028*0 

0-0003656 

0-0002337 

6 

,, N/2048 

1247*0 

0 0003010 

o* 0002338 

7 

JV/ 150-acid 
only. 

... 


0-0003337 


Table XVj. 


Mixture of N / 200-bcnzou acid and BaClg. 






Specific 

conductivity of 

No. 

Composition. 

R. of 

mixture. 

N/200*acid 




mixture. 


calc, from difif. 

1 

N/200 

N/64 

177*5 

0-002125 

0-0002150 

2 

' ft 

^ N/I28 
■f 

318*0 

o*ooi 186 

00001963 

3 

■§ •» 

jj N/256 

526-0 

00007169 

00002084 


0 

A 

Cj — 




4 

§ ” 
ff 

a N/512 

809*0 

0-0004650 

0-0002068 

5 

< 3 $ .. 

’§ N/X024 

1x09-0 

0-0003387 

0*0002068 

6 

»» 

N/2048 

X 393 *" 

0*0002692 

0-0002020 


7 


N /200 acid 
only* 


0*00020X1 



Benzoic acid 
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Taiu.e XVII. 

Mixture of S, loo- Inn zoic acid and HC1. 


N«. 


K c n i s l a ii u of 
C r»ui))osJtion. mixture IK'l onh 


S j> e c i fi c c (»n d n c t i v i t y c> f 

mixture IR'l only. A’fiooatid 
calc B from diff. 


/ 

2 


() 

7 


8 



X 6j 

5 s '3 

58 ‘5 

3 

S 128 

HP' 

115*2 

CB 

o 

*C 

X/ 256 

221*1 

228*2 

•X 

JS 

N '512 

406*6 

456*6 

g 

rj 

A’/1024 

650*5 

908*0 

S 

4V/204S 

HKj.y 

1819*0 


AT/4096 

1050*0 

5698*0 


A//n>o-acid 

on 1 >. 


0 006475 

0-006453 

0*00002200 

0*005311 

0*^13276 

0*00003500 

0*001707 

0*001653 

0*00005350 

0*0009272 

0*0008252 

0*0001020 

0*0005789 

0*0004141 

0*0001648 

0*0004255 

0*0002058 

0 *00021Q7 

0*0003578 

0*0001010 

0*0002568 

... 

... 

0*0002913 


Table XVIII. 

Mixture oj jV j2W-bcnzotc acid and HC1. 

Specific conductivity of 


N< > 

Composition. 

k of 
mixtun . 

mixture. 

A'/200-acid 
calc, from di 

1 

.V 2<H' 


.V/6J 

58*8 

0*006421 

-0*00003200 

-■ 



.V 128 

115*0 

0*003282 

4 0*000006000 

3 

3 " 

cS 

X 256 

228*0 

0*001655 

4 0*000001500 

1 

<5 

y 11 

3 

X 512 

•US -6 

0*0008712 

4 0*000004600 

5 

= >• 

A 

JG 

JI 

AY 1024 

743’S 

0*0005065 

0-00009238 

h 

11 


A’ 2048 

1162*5 

0*0003408 

O *0001350 

5 

»» 

.V/200-acid 

only. 


x 

1408*0 

0*0002665 

0*0001655 

0*0002011 
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Table XIX. 

Mixture of Nj it>o* benzoic acid and HgCl*. 

Spccifi c conductivity of 


No. 

Composition. 

R. of 

mixture. 

IlgClj onh. 

.\ 100-acid 



mixture 



calc, from diff 

1 

X 100 0-25 N 

819-8 

<>•0004586 

o’ooolOjo 

ere xx >293 7 

2 

,, 0-1875 

XSo 3 

(>•0004271 

0-0001371) 

o*(XX>2S92 

3 

11 0-14(6 

932 *<’ 

0*000 )C>32 

o‘(xx)iioi 

o*(xx)284 1 

1 

,, *8 01051 

980*0 

0*0003831 

0*1 KX > 1021 

0*0002813 

5 

3 ». In °'°7 ( J I 1 

1018*0 

0*0003692 

o-(xxx>8873 

o-cx >02805 


eo ^ 





6 

On 0*05933 

1056-0 

o*(kx >3558 

o-mxx>7736 

o-cxx>2785 


*0 3 





7 

a .. £ 0 ' 0 *M5 

1093*0 

o*(kk >3437 

o*(xxx>6847 

o-(XX>2753 

8 

„ " 0-03338 

IUQ-O 

0VX103358 

o‘(xxx>6o6o 

(>*(XX>2752 

V 

,, 0-02503 

1139*0 

0*0003299 

o*cxxx>5353 

o*(xx>2764 

10 

,, 0-01878 

l6ll*0 

o-o(x>3235 

o*(xxx>476i 

o*(xx>2759 

11 

Nf 100-acid 


• • • 


0*0002913 


only. 






Table XX. 

Mixture of N j 150-benzoic acid and HgCl*. 

Specific conductivity of 


No. 

Composition 

R. of 
mixture. 

mixture. 

X1 150-acid 
calc, from diff. 

1 

X '150 

0*25 N 

955 *o 

o*cxx>3936 

0*(XX>2287 

2 

if 

<>•1875 

1038-0 

OTXXJ3621 

0*<x>02242 

3 

»* 

0-1406 

1104-1 

0*0003403 

0*0002212 

4 

•» 

**3 0 * 1054 

11 / 4*5 

0*0003199 

o*(XX>2178 

5 

*a 

•g M 

’§ 

3 0-07911 

I222'0 

0*0003073 

0*0002186 

6 

cd 

.Si 0 

3 

*g 0-05933 

a 

1268*0 

o*(xx^296i 

0*0002188 

7 

a 

« ” 

g 0-04450 

a 

1318-5 

0*0002849 

0*0002165 

8 

» 

0*03338 

1352’0 

0*0002777 

0*0002171 

9 

y> 

0*02503 

i 37 S - f> 

0*0002730 

0*0002195 

10 

11 

0-01878 

I 4 1 3 'S 

O-O<X>2650 

0*0002180 


21 N/150-acid 

only. 


0*0009337 
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Table XXI. 

Mixture of S1200-bcnzoic acid and HgCIg. 


No 

Composition. 

R of 
mixture 

Specific 

mixture 

conductivity 
N ^ 200-acid C£ 
from diff. 

i 

X 1 200 


0-25 N 

1075-0 

o*o<K»34g4 

0-0001845 

2 

*» 


0-1*75 

1160*0 

0*0003238 

cv(xx)i859 

3 

M 


0*1406 

1252*0 

o-»kx >2999 

0-0001808 

A 

(f 

rs 

■r 

0*1054 

1316 0 

0CKXJ2855 

o-cxx>i834 

5 

•c 

o •• 

08 

C 

2 

u 

0-07911 

13*5'° 

o*rxx>27<)9 

<>•0001822 

6 

1 ” 

X 

a 

°*°5933 

1448-0 

0-CXX>2592 

0-0001819 

7 

C 

& " 

a . 

a 

0-04450 

1497*0 

o-ocx)2507 

0-0001823 

8 

tt 


0*0333* 

Wo 

O*OtX)2420 

0*0001814 

9 

it 


<2*02503 

l6oo*o 

0-0002345 

o*cxx>i8ic> 

10 

11 

•» 

N/200-acid 


0*01878 

1631-0 

0*0002300 

0*0001824 

0*0002011 


only. 


Table XXII. 

Mi \tutc of N i loo-benzoic acid aftet mi.\ing at 25±o*i°. 


Cone, of 

HC 1 in the 
mixture 

Degree of ionisa¬ 
tion for N loo-bem. 
acid in presence of 
HC 1 . 

Reduced sp. con¬ 
duct of N\ 100-beuz. 
acid. 

Sp. Conducts. of 
N T / 100-benz. acid 
calc, from diff. 

C. 

a. 



N/64 

0-00410 

0*0000156 

0*0000220 

1V/128 

(r00798 

0-0000304 

0*0000350 

N 7 j* 5 *> 

00x53 

0-0000583 

0-0000535 

N t /5I2 

00275 

0-000105 

0*000102 

N /1024 

0*0429 

0-000163 

0-000165 

N/ao 4 « 

0*0565 

0-000215 

0*000220 

N/4096 

0.0655 

0-000250 

0*000257 

0 

*0-0764 

1*000291 

0*000291 





Tempeiature= 25 ± o' 
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D i *s c r s s i o n. 

These results for the conductivity of aqueous benzoic acid in the presence 
of LiCl, XaCl, KC 1 , RbCl, CsCl, BaCl 2 , HC 1 and HgClg, in their various 
concentrations, show, that except in the case of the last two substances (c/. 
Tables XVII—XXI, Fig. 3), the additive law holds; the specific conducti¬ 
vity of the mixture equals the sum of the specific conductivities of the two 
components, each determined separately. The absence of any alteration in 
the specific conductivity of a weak acid like benzoic acid in the presence of 
the above salts (except HgCl 2 ) even at low concentration (cf. Tables 
II—XVI, last column) as shown by the almost horizontalness of specific con¬ 
ductivity— s /concentration curves in Figs. 1 and 2 is interesting. The results 

Fig. 1. 



of numerous investigators on “ the neutral salt effect ”, which is ordinarily 
shown rather markedly by weak acids suggests an increase in H + concen¬ 
tration or rather, in H* ion activity and therefore in the corresponding disso¬ 
ciation constant. McBain and Kam (loc. cti.) find evidence to the contrary. 


THE INFLUENCE OF STRONG ELECTROLYTES, ETC. JtflO 

They argue that the electrical potential of a hydrogen electrode is deter¬ 
mined by the product of the chemical potential and H * ion concentration, 
t.e., its activity . The experimental fact, tic., that the i>otentiul of a hydro¬ 
gen electrode is increased in an aqueous solution of a weak acid in the pre¬ 
sence of a neutral salt indicates an increase in H‘ ion activity. McUain and 
Kam (toe. cit.) make an interesting postulate, viz., that concommitantly with 
the last quantity, the activity of the undissociated molecules in the system 
is increased They adduced the experimental support for this in the 


Fig. 2 . 



observation that the vapour pressuie of acetic acid and therefore its activity 
is actually increased by the presence of a neutral salt like NaCl. The mass 

3 
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law expression in terms of the various activities for the ionisation equili- 
biiuui of such a weak acid in the presence of a neutral salt should therefore 
be unaltered, since the activities of l>oth the undissociated acid and H 4 are 
aflected equally. This leads to the result that the corresponding degree of 
dissociation and therefore the specific conductivity of the above acid would 
remain unaltered, despite the presence of the neutral salts. Our results on 
benzoic acid (Tables 1 I-XVI, Figs, i, 2) are in agreement with this deduc¬ 
tion. The work of Chase and Kilpatrick ( loc . cit.), Larson lloc. cit.) and 
Kolthofi and Rosch (/or. cit.) on the activity measurements of benzoic acid 
in the presence of the neutral salts (whose concentration was varied over a 
wide range) by k* m. f. and solubility methods has shown that the activity 
of undissociatcd benzoic acid molecules increases remarkably by the above 
additions. 

The results for the specific conductivity of benzoic acid at ZV/100 and 
\ 200 in the presence of hydrochloiic acid in the range iV/64 toN/4og6 
show that the above quantity is diminished in the presence of the latter. 
That this can lx* ascribed to a substantial extent to the common ion effect is 
shown by the results in Table XXII. Assuming that for any of the values of 
( , the concentration of hydrochloric acid employed, a'its degree of ionisa¬ 
tion is unity, n, the corresponding degree of dissociation for benzoic acid in 
its presence is given by the equation 


tV + 





where K is the dissociation constant of benzoic acid. These calculated 
values for cx corresponding to various values of C’ for X/ ioo-benzoic acid 
are shown in the 2nd vertical column in Table XXII. From a knowledge of 
A*, and the dilution for benzoic acid, the reduced specific conductivity 
for benzoic acid can lx* calculated. These values are also shown in the 
above table. Its last column gives the corresponding experimentally found 
values for Ixmzoic acid in the presence of hydrochloric acid. Comparison of 
the last two columns shows that the agreement between the calculated and 
observed values is satisfactory. Similar results were obtained for N, 200 
benzoic acid. 

Result* on the influence of HgCl? given in Tables XIX-XXI show that 
the sixcific conductivity of lxnzoic acid is diminished in its presence. This 
dimunition at a given concentration of benzoic acid is sensible only at large 
dilutions of HgCljj. Now it is known that HgCl* is hydrolysed, thus giving 
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free HC 1 in aqueous solutions. Ley (/ t'hysikaL Chew , i8og, 30 , 2 jo) has 
given data for the degree of hydrolysis of HgCl 2 in the range A i0 to A’, 256; 
from these the degrees of hydrolysis for the dilutions used in tins work were 
obtained by extrapolation and are shown in the 2nd column in Table XXIII, 
on the assumption that the degree of hydrolysis approaches zero as dilution 
tends to zero, which is substantially correct From the data of Luther 
(/. Phys . Chcm 1929,88,043) for example, for the proportions of the various 


Fir. 



molecular and ionic species in 0*26 M-HgCl 2 at 25 , theH* ion concentration 
seems to be negligibly small. The IT ion concentrations at these various 
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dilutions are shown in the 3rd column, a, the degree of dissociation of benzoic 
acid in the presence of these H 4 being calculated from the above equation. 
I11 the same way the corresponding reduced (i.e. corrected for hydrolysis) 
specific conductivity of Nj 100- benzoic acid was calculated. These two 
quantities are shown in the 4th and 5th columns ; 6th column gives the actual 
value in the mixture obtained by difference. Similar calculations were made 
for 1V/150- and S /200-benzoic acid; columns 4', 5', 6' and 4", $ f, 9 6" refer to 
them res]>ectively, in Table XXIII. An examination of the results under 
columns 5, 6; 5', 6'; 5", 6" shows clearly that the common ion effect arising 
out of the hydrolysis of HgCl 2 , is one factor leading to a dimunition in 
specific conductivity of Ixmzoic acid. ()n this basis, it is to be anticipated 
that in strong solutions of HgCl* corresponding to minimum hydrolysis, the 
common ion effect would be a minimum; it follows, therefore, that the 
specific conductivity of Ixmzoic acid, obtained by difference would approach 
that of aqueous benzoic acid in the absence of a disturbing electrolyte. An 
examination of the results under the above columns show that the above 
deduction is in accord with the facts. 

The results for the specific conductivity corrected for hydrolysis depart 
from those obtained by difference or by the additive law in the case of strong 
solutions of HgClg. This discrepancy might arise, possibly from the fact 
that extrapolation made on the assumption, viz. t negligibility of hydrolysis 
at very high concentrations, is not rigorously accurate, i.e., it indicates 
more hydrolysis than what obtains under the conditions. 

It might now be pointed out that in the above discussion of the results, 
a tacit assumption has been made that a weak acid like the benzoic would 
not affect the conductivity due to any of these substances examined in this 
work, i (., would not influence the molecular or the ionic reactivity charac¬ 
teristic of each of the added materials. In the case of HgCl.>, however, it 
u ould appear that this is not strictly true, which agrees with the fact 
that UgCl* stands apart from the rest of the substances examined in having 
some of the properties of a ireak electrolyte . It is appreciably likely that 
this hydrolysis is sensibly suppressed by the presence of benzoic acid. 
Simms (/. Phyn. them,, 1929, 33 , 745) has shown some evidence for 
the possible inactivation of a weak electrolyte in the presence of another. 
Sufficient data are not available in the literature for deducing such an effect 
from the current theories for the activity of a u weakly " ionised material. 
That the above possibility in the case of the hydrolysis of HgClg is in agree¬ 
ment with experimental facts is suggested by an examination of data in 
Table XXIII. It is seen that the divergence from the specific conductivity 
of benzoic acid deduced from the additive law, of its conductivity, when 
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corrected for hydrolysis of HgClj is greater, the greater the concentration of 
benzoic acid, which suggests that since the extrapolation is a common factor, 
the above hydrolysis is affected (suppicssed) by benzoic acid. 

Summary. 

1. The mean value obtained for the dissociation constant of benzoic 
acid at 25 0 is 6'24 x io"\ in close agreement with the recent values. 

2. The specific conductivity of aqueous lienzoic acid, whose concen¬ 
tration was varied in the range A’/100—A'/200, in the presence of the 
electrolytes—LiCl, NaCl, KC1, RbCl, CsCl, BaCl Sl HC1 and HgCl s , whose 
concentration was varied in the range N I64-S /4096, was detennined, 
at 25 0 . 

3. The additive law for the specific conductivity of the mixture of 
benzoic acid and electrolyte holds good especially in dilute solutions, 
except in the case of HC 1 and HgClj, where the specific conductivity is 
less than that given by the additive law. This has been ascribed to the 
common ion effect in the former and due to hydrolysis of the latter. 

4. Evidence is also adduced to show a possible suppression on the 
hydrolysis of HgCls by the benzoic acid. 

Elkctr( (-Chemistry Section. 

Chkmicai Laboratories, 

Benares hindu university, 

Benares. Received February 20, 1937. 



SOME BASES OF PHYSIOLOGICAL INTEREST. 


By Hakisii Chandra Biiatnagar, Narendra Nath Chopra, Kartar 
Singh Nakang and Jnankndra Nath Ray. 

At one time, it seemed probable that chaksine iodide, an alkaloid 
isolated from Cassia absus by Siddiqui and Ahmed (Pwt. Indian Acad. Sci ., 
1935, 6, 421) had the structure represented by (I). It was thought of interest 
to synthesise the substance. 

PirCH(<)H)*CH a NH C:(NH)'NMeJ PlfCHB >H)*CH 2 NHC(:NH)NH y 
(I) (II) 

It was expected that /Lliydroxy-^-phenylethyldiniethylguanidine would 
add methyl iodide to give (I). Schottc, Priewe and Roescheisen (/ physiol. 
Chew., 192H, 174 , iity) have prepared phenvldiethylguanidine by condensing 
diethyl cyanamide and aniline hydrochloride in a sealed tul>e for 20 hours. 
But dimethyl cyanamide did not give the corresponding guanidine with 
/Miydroxyphenyletliylaininc* although no difficulty was experienced in 
condensing it with aniline at ordinary pressure. Phenyldiincthylguanidine 
readily gave a quaternary iodide with methyl iodide 

By the interaction of /?*hydroxy-/^phenylethylamine and niethvl- 
V'-thiouiea hvdroiodide, the* hydtoiodide of guanidine (II) was readily 
obtained in good yield. But the conversion of (II) into (I) has not yet 
succeeded. 

As it became apparent that the structure of chaksine is i>erhaps more 
complicated than was supposed at first, this line of investigation was 
not furthei stiessed at this stage In the piesent paper a description is 
included of some amines of physiological interest. 

/i-Hy«lioxy-^-phenylethylmeth>lamine has been prepared in good yield 
by the hydrolysis of the methyl iodide addition product of the Setoffs base 
of / 3 -liydroxy-/ 9 -phenylethylarnine and piperonal. Similarly, / 2 -hydroxy- 0 - 
3:4«methylenedioxyphenylethylmethylamiue (methylcnedioxyadrenaline, III) 
has been prepared in an analogous way. This latter substance has been 
prepared by Barger and Jowett (]. Chent. Soc., 1905, 87 , 970) from 3:4- 
methyleiiedioxy phenylethylene and the proi>crties of this substance agree 

• This i 1 intent was done under ordinary conditions. It is intended to carry out 

the reaction under pressure 
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with those obtained in the present investigation- /J-Hydroxy-/?-phenylethyl 
trimethylammoniuni iodide (IV, / 3 -phenylcholinc iodide) and the correspond¬ 
ing 3':4'-methylenedioxy derivative have also been synthesised. 



CHfOHVCHs NHMe 


(III) 


Ph'CH ((>H)’CH/NMe.,I. 
1IV) 


K X V l{ RIME N T A 

Phcnyldimcthylguanidinc —A mixture of dimethyl cyamunide fo*5g.) and 
aniline hydrochloride (i g.) was heated at 110-120° for 2 hours The product 
was dissolved in water and extracted with ether. The aqueous layer was 
basified and then extracted with ether- After removal of the solvent, the 
syrup crystallised in vacuo after two days. It was recrystallised from petrol 
ether and ether in colourless needles, m.p. 90°. (Found: N, 25-2. C.)Hi N3 
requires N, 25*7 per cent). The substance combines with atmospheric 
carbon dioxide readily and is difficult to obtain analytically pure. 

Phenyldimcihylguanidinium Iodide, m.p 1S8 0 (decomp.) after crystalli¬ 
sation from acetone and ether, was obtained when a mixture of the 
foregoing guanidine (0-4 g ) and methyl iodide (2 c.c ) in dry benzene 
(5 c.c.) was left overnight. (Found: N, 13*5- Ci 0 Hi«N s I requires N, 
13*7 per cent). 

P-Hydw.xyphenyh'thylamine could not be prepared very satisfactorily 
by the method of Wolfhcim ( Ber IQ14, 47 , 1444). But the following 
modification worked better : 

Benzalediyde cyanhydrin (16 g.) dissolved in 30% alcohol (350 c.c.) was 
cooled to - io° and reduced with 500 g. of sodium amalgam (4%). The 
solution was kept neutral as far as possible by the addition of requisite 
quantities of 50% acetic acid from time to time. The addition of the 
amalgam was so regulated that the addition of the whole quantity required 
about 5 hours. The reaction was carried in a stout stoppered bottle. The 
temperature of the solution was never allowed to rise above — 5 n . The 
solution was then filtered from a green flocculent impurity and the clear 
filtrate acidified with hydrochloric acid and evaporated dowm to 50 c. c. 
and extracted repeatedly with ether (100 c.c.). The acidic aqueous 
portion was basified with 40% sodium hydioxide solution. During 
neutralisation the temperature should not rise above io c . The base 
was extracted with ether (150 c.c.), the ethereal solution dried over 
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potassium carbonate and slightly moist carbon dioxide passed into the 
ethereal solution, when the carbonate of the base was precipitated, m.p- 
111-13', yield 4-5 g. The dried carbonate (1 g.) was suspended in 
dry ether and treated with an ethereal solution of hydrogen chloride. After 
removal of ether in vacuo , the hydrochloride of / 3 -hydroxyphenylethylamine 
(o 8 g.) crystallised from a mixture of ether and alcohol, m.p. 195 0 . (Found: 
N, 7*68 C 8 H 2 () N, HC 1 requires N, 8*o per cent). 

A solution of /i-bydroxyphenylethylainine carbonate (0 2 g.) in hot 
alcohol was treated with picronolic acid (0.4 g.) dissolved in alcohol, and 
cooled. The picronolaie , m.p. 198 (decomp.) crystallised in fine yellow 
needles from alcohol. (Found: X, 17*44. C| 8 Hi«,O rt N r , requires N, 17*45 
per cent). The oxalate, m.p. 171-72°. crystallised in thin leaflets from 
alcohol. [Found: X, 7’tx>. (C«H. , N< * requires N, 7*69 

per cent]. 

The monobcmoyl derivative of /i-hydroxyphenyletliylamine is formed 
by benzoylatiug /i-hydroxyphenvlethylamine carbonate with excess of 
benzoyl chloride and sodium hydroxide solution. It crystallised from 
alcohol in fine needles, m p. 14647'. (Found: X, 6*14. C \ r ,H,)^N 
requires X, 5*8 per cent). We are able to confirm the statement (cf. Bcr., 
i 9 * 4 » 47 , 1445) that it is a X-lienzoyl derivative X (>-dibenzoyl-#-hydioxy- 
phenylethylamine can l>e prepared in pyridine solution by the usual method. 
It crystallises from hot alcohol 111 colourless needles, m.p. 131-32°. 
(Found : N, 415. C2 >H|«iO*N requires N, 4'o0 per cent). 

Mcthiodidc of ti-Hydro\yphcnylcthylaminc (IV).—A mixture of 
0-hydroxyphenylethylaminc (1 g.), methyl iodide (4 c-c.) in dry benzene 
doposited the methiodide after standing for 12 hours It was collected, 
washed with dry ether and crystallised from hot alcohol in fine needles, 
m.p. 222 0 . (Found: X, 4 3 ; I, 420. C n H«()NI requiresN, 4-54; I, 4 r 3 
l>er cent). 

0 -Hydroxyphenylethylatnine did not condense with dimethyl cyanamide 
under varying conditions of experiment. 

Piperonylidinv-Q-hydroxyphcnylethylaminc , m.p. 105-106 after cry¬ 
stallisation from alcohol, was prepared by condensing the base with piperonal 
in boiling alcohol in presence of caustic soda solution. (Found : N, 5 20. 
C|(iHir,0,X requires N, 5 24 per cent). 

ft'Hydroxy-P phenylcthylmethylamini -The foregoing SchifTs base 

(3 g.) dissolved in dry benzene (60 c.c.) was treated with methyl iodide 
(5 c.c.) and left for 2 days and then refluxed for 1 hour. The methyl iodide 
addition product separated as a sticky solid. This was dissolved in hot 
water and treated with hydrochloric acid and warmed for an hour. After 
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cooling, the solution was extracted with ether to remove piperonal formed 
by hydrolysis and the aqueous portion made alkaline and the base extracted 
with ether. The ethereal solution furnished a solid which was directly 
converted into the picronolate as brilliant yellow needles, m.p. 196-98° after 
crystallisation from hot alcohol. (Found: C, 55*1 ; H, 5-2; N, 1693. 
CioN2iO B Nfl requires C, 54*9; H, 5-0 ; N, 16 87 per cent). 

Cyanhydrin of Piperonal. —The following method gives a good yield of 
the cyanhydrin of piperonal To a solution of piperonal (20 g.) in hot 
alcohol (20 c.c.) a solution of sodium hydrogen sulphite (30 g. in 50 c.c. of 
water) was added with shaking. The bisulphite compound was collected 
after cooling and washed with ether. The bisulphite compound suspended 
in water ( ca 20 c c.) was shaken with a solution of potassium cyanide (20 g.) 
in water (20 c.c.) in the cold. The resulting cyanhydrin was extracted with 
ether, yield 16-18 g. 

/3-3':4 '-Meihylenedioxyphcnylethylaminc. —Piperonal cyanhydrin (10 g ) 
in 50% alcohol (220 c.c.) was reduced with sodium amalgam (500 g. of 4%) 
and the product isolated essentially as described under /i-hydroxy/i-phenyl- 
ethylamine except that chloroform was used for the extraction of the free 
base. The base was converted into the carbonate (yield 3-4 g.) in chloro¬ 
form solution, m.p. 116-iq 0 (decomp.). The hydrochloride crystallises from 
hot alcohol, m.p. 182-83°. (Found : N, (V38 ; Cl, 16*7. C; ( II j >»NC 1 requires 
N, 6*45; Cl, 16*3 per cent). The pinonolale crystallises in fine yellow needles, 
m.p 200 0 (decomp.). (Found: N, 15 47. C 1 <iH 1 .,< ) K N rt requires N, 1575 
per cent). The o.xalalc crystallises in plates, m p. 197 0 . (Found : N, 478. 
CuH I 3 () 7 N requires N, 51 percent). The carbonate was bcnzoylated 
with benzoyl chloride and aqueous alkali. The mono-xV-benzoyl derivative 
crystallises from hot alcohol in fine needles, m.p. 152-53°- (Found : N, 5*05. 
CigHi^^N requires N, 4-91 per cent). The 0 -N-dibenzoyl derivative is 
formed in pyridine solution and crystallises from alcohol in colourless 
needles, m.p. 141-42°. (Found : N, 4 5. CjaHioO^N requires N, 4*1 
I>er cent). 

/ r l-3 , :4 , -Mcthylcncdio*yplicnylethyl trimethylammonium Iodide (structure 
analogous to IV).—The base described above (2 g.) was treated with methyl 
iodide (4 c.c.) in benzene. The methiodide crystallises from hot alcohol in 
needles, m.p. 229-30°. (Found: C, 408 ; H, 53 ; N,446. C^HjhOjNI 
requires C, 41*0; H, 51 ; N, 4-0 per cent). 

Pip crony lidinc - /?- hydroxy - $-3': 4' - melhylenedioxyphenylclhyiamine .— 
The Schiff's base was prepared in alcoholic solution in presence of alkali and 
had m.p. 155-56° after crystallisation from alcohol. (Found : X, 4-26. 
Ci8Hu,O ft N requires N, 4 28 per cent). 

4 



348 BHATNAGAR, CHOPRA, NARANG AND RAY 

The foregoing SchifT’s base (27 g.), dissolved in dry benzene (100 c.c.), 
was refluxed with methyl iodide (5 c.c ) for 2 hours. On standing a semi¬ 
solid mass separated, which was dissolved in water and hydrolysed with 
hydrochloric acid. The acidic solution after being freed from piperonal by 
extraction with ether was basified and again extracted with ether. The 
oily base (/i-hydroxy-Z^^-methylenedioxyphenylethylmethylamine, III) 
obtained from ether was converted into picronolate, which crystallised in 
bright yellow needles, m.p. 203°. (Found: N, 14*81. C^oHaiOgNs 
requires N, 15 2 per cent). 

The Hydioiodidv of the Base (II).—An alcoholic solution of /?-hydroxy- 
phenylethylamine (3 g. in 15 c.c.) was refluxed with methyl-^ thiourea hy¬ 
droiodide (4 g.j on the steam-bath for 3 hours, when methyl sulphydrate was 
copiously evolved. The reaction mixture was freed from alcohol in vacuo 
and the syrupy residue was stirred with ether when it solidified to a cake. 
It crystallises from ethyl acetate in large colourless prisms, m.p. 133 0 . The 
substance gave a positive Sakaguch is test for a guanidine derivative, yield 
5 g. (Found: N, 13*4; 1,40*8. C 0 H| ,ON 3 I requires N, 13-6; I, 41*4 
per cent). 
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STUDIES IN ORGANO-ARSENIC COMPOUNDS. PART V. 
SYNTHESIS OF ARSINDOLE DERIVATIVES. 


By Hirendka Natii Das-Gitta. 

In a previous communication by the author (]. Indian ( hem. Soc., 
1937, 14 , 231), the possibility of the synthesis of i-diloroarsindole from ben¬ 
zene and/Lchlorovinyldichloroarsine (C 1 CH -CH AsC 1 2 ) has been shown; 
the intermediate compounds formed from the condensation of the reactants 
being two mixed arsenicals like /Lchlorovinylphenylchloroarsine (I) and 
^-chiorovinyldiphenylarsine (III). The present paper is intended to 
adduce further proof in support of the mechanism of the reaction by the 
synthesis of the same types of intermediate compounds from a diflerent 
source. The difference in this case is that one of the reactants already 
contains arsenic in the nucleus and that the unsaturated grouping has 
been introduced subsequently. When dry acetylene is passed through 
freshly distilled phenyldichloroarsine in the presence of anhydrous 
aluminium chloride, secondary and tertiary arsines are formed as usual 
(c/. Das Gupta, ]. Indian Chcm. Soc., 1936, 13 , 305 ; Green and Brice, 
]. Client. Soc., 1921, 119 , 448 ; Mann and Pope, ibid., 1922, 121 , 1754 ; 
Lewis and Stiegler, J. /Inter. Chem. Soc., 1925,47,2546). In this case, 
however, the tertiary arsine was found to be of two different types, viz., 
a) ^'-dichlorodivinylphenylarsiue (II) and ( b ) /i-chlorovinyldiphenylarsme 
(III). Avoiding the consideration of the intermediate unstable compound of 
the arsine with aluminium chloride the reaction prabably takes place as 
follows : 


Ci 

MjCl c | 

4PhAsCl 2 + 4 CH*CH-> PliAsCU = CHC1 4 PhAs(CU = CIJC 1 J* 

(I) (II) 

+ Ph 2 As CH=CIIC 1 + AsCl» 
(III) 

The following scheme shows how the identities of the diflerent com¬ 
pounds have been proved. 
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:j5o 


(a) PliAs(Cl)CII = CHC 1 + PbMglJr 

(I) 

(b) PhjiAsCH = CHC 1 -t HgCl 2 —) 

fill) 


(<) 2 PliMgHr + C 1 2 AsCH=CIIC 1 — 


PhoAsCH = CHC 1 


C 1 CH = CHAsPl)»‘HgCl 2 
(m.p. and mixed m.p 238 r ) 



PhoAsCH = CHC 1 


id) PliMgHr -t C 1 As(CII=CIIC 1 ) 2 i'HJ 

-> I’ll As'CH—CH Clio-> 


(CICII = CH) 2 As 


/ 

\ 


Ph 

I 

Me 


(m.p. and mixed m.p. 232°) 



/ 


/\ 

S 



(0 


PliAs(CH = CIlCDa HgU, 

(II) 


(CiCH = CH)oAsPli*HgCl 2 
(m.p. and mixed m.p. 157-58°) 


Like other unsaturated arsenicals, the halogen attached to the /?-caibon, 
containing a double bond, is stable. The reactivity of the chlorine, linked 
to arsenic, is found, though to a lesser degree, to be identical with other 
unsaturated derivatives, since it readily gives the arsinic acid, sulphide, 
cyanide, etc., but attempts to prepare the oxide by sodium ethoxide led to 
the formation of the ether. 

l-Chloioamndole lias i>een synthesised from /Lchloiovinyiphen>l- 
chloroarsine, and 1-methyl- and i-ethylarsindole have also been obtained 
from it; fliey are identical with the compounds derived from other sources. 


K X P K K 1 M E N T A I.. 

/!-( hlowvinylphcnylchloroaisinc (I) and ftft'-Dichlorodivinylphenylarsinc 
(II).—Acetylene, purified by passing through a saturated solution 
of sodium bisulphite and concentrated sulphuric acid, was passed for 
2 hours at o° through a well-stirred mixture of freshly distilled 
phenylarscnious chloride (500 g.) and anhydrous aluminium chloride 
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(ioo g.). The mixture was stirred for 7 hours more, decomposed by 
20% cold hydrochloric acid and the oil separating was distilled in 
vacuo several times when the following fractions were collected : (1) 
120-30°/3mm., identified to be unchanged phenylarsenious chloride. (2) 
1 35*45°/ mm * (75 g-K light yellow oil. (3) i5o-55°/4mm., only 2 c.c. 
(4) 170-78°/5mm. (5) 195-98°/5mm. The different fractions were identified 
as follows : The oil, b. p. 135-45° '4mm. was identified to l>c /?-chlorovinyl- 
phenylchloroarsine as it produced tf-chlorovinyldiplicnylarsine. The m. p. 
and mixed m. p. of the tnerctuic chloride double salt of the latter and that 
prepared synthetically were identical. [Found: C, 38*3; II, 2-7; Cl, 
28*6; As, 30*2 ; M.W. (cryoscopic in Ikmizciic), 218*1. CsIIiCbjAs requires 
C, 3S*5 ; H, 2*8 ; Cl, 28*5 ; As, 30*12 per cent. M. W., 219]. 

The fraction boiling at 170-78°/5 in in. was identified to be ft ft 1 - dichloro- 
divinylphenylarsine. [Found : C, 43 4 ; H, 3*09 ; Cl, 257 ; As, 27*6 ; 
M. W. (cryoscopic in benzene), 276*1, 275*9. Ci 0 H ; ,C 1 2 As requires C, 43*6; 
H, 3-2 ; Cl, 25*8 ; As, 27*2 per cent. M. W., 275.] 

Its identity w^as further confirmed by synthesising it from bromolxmzene 
and /i/i'-dichlorodivinylchloroarsine as follows : A solution of /tyf'-dichloro- 
divinylchloroarsine (11 g.) in ether was added drop by drop to the Grignard 
reagent from bromobenzene (y g.) and magnesium (1*2 g.) in ether 
(50 c c.) ; each drop reacted with slight explosive violence with the 
formation of a white precipitate, which dissolved on shaking. But the 
reaction was not so violent towards the end. The mixture was heated 
on a water-bath for 1 hour and then decomposed by cold water ; the 
ethereal layer w r ashed successively with dilute hydrochloric acid, sodium 
hydroxide solution, w'ater, dried over calcium chloride, and distilled at 
at 165-80°/3111m. [Found : As, 27*1; M.W. (cryoscopic in Ixmzene), 268. 
Ci 0 HoC 1 2 As requires As, 27*2 per cent. M.W., 275]. 

ft-Chlorovinyldiphenylcnsim --T\)c fraction at 190-95' /5111m. w*as 
identified to be the desired compound. It gives a mercuric chloride double 
salt, the m.p. aud mixed m.p. 238°, being identified with that prepared 
synthetically (c/. Das-Gupta, J. Indian Chew. Soc., 1937, 14 , 231) (Found: 
As, 25 6. C 14 Hi 2 ^As requires As, 25*8 per cent). 


Derivatives of ft-Chlorovinylphcnylchloioarsine . 

ft-Chlorovinylphenylarsinic acid was obtained by treating / 2 -chlorovinyl* 
phenylchloroarsine with excess of hydrogen peroxide (3vol.) in glacial acetic 
acid and after keeping overnight the solution was evaporated to dryness on 
a water-bath and the residual pasty mass was dried on a porous plate and 
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crystallised from a mixture of acetone and carbon tetrachloride, m.p. 13^°. 
(Found: As, 30*3. C«H 8 O a ClAs requires As, 30*4 per cent). 

fi’ClilororinyphcnylMrsinc cthylelhcr [PhAs(()Et)*CH:CHCl] was pre- 
t>ared by heating for 20 minutes a freshly prepared alcoholic solution of 
sodium ethoxide (3*5 g.) and a sohttiou of / 3 -chlorovinylphenylchloroarsine 
(12 g.) in af>solute alcohol (25 c.c.). The precipitate formed was filtered off 
and the major portion of the solvent removed by evaporation under reduced 
pressure. The yellow oil obtained by addin*- water was distilled at 165- 
70°, 3mm. [Found: Cl, 13 2 ; As, 28*9; M.W. (cryoscopic in bemfcae), 
261*3. C10 Hi -itCl As requires Cl, 137, As, 29*01 per cent. M.W., 258*5]. 

ft’Chloiovinylphenylcnscnious Cyanide was obtained by heating for 
2 hours a mixture of /i-chlorovinylphenylchloroarsine and excess of 
potassium cyanide in absolute alcohol. The solution on dilution with water 
gave a yellow liquid. (Found: As, 3117. C.JItNCIAs requires As, 31*3 
l>er cent). 

ft-Chlotovinylphenylaismious Sulphide (C 1 CH = CHAs-S-AsCH — 
CHC 1 ).—A solution of / 3 -chlorovinylphcmylchloroarsine in absolute alcohol 
was saturated for 5 hours with dry sulphuretted hydrogen and yellow 
viscous oil separating was washed with alcohol. It was dissolved in acetone 
and treated w ith excess of petroleum ether and allowed to stand when need¬ 
les separated, which were recrystallised from acetone, m.p. 141. (Found: 
As, 32*8. CicHi < Cl 2 As 2 S requires As, 32 6 j>er cent). 

fd-Chlowvinyldiphenylaninc (III).—It was obtained by adding 
ethereal solution of /i-chlorovinylphenylchloroarsine (9*6 g.) to the 
Grignard reagent from bromol)eii/.ene (6 g.) and magnesium (9 g.). 
The liquid obtained was distilled at 195-98°/4111m. The mercuric chloride 
double salt melts at 238°. (Found. As, 256. CnHjoClAs requires As, 
25*8 per cent). 

ft-Chloroi'inylphenylmelhylatsine was prepared from /?-chiorovinyl- 
plienylehloroarsine and magnesium meth>l iodide. It is a light yellow 
oil of unpleasant odour. (Found: As, 32 4. C y II j 0 ClAs requires As, 
32*8 per cent;. 

Derivatives of fift'-Dtchlorodivinylphenylarsinc. 

The mercuric chloride double salt was obtained as a white precipitate by 
adding /i/*'-dichlorodivinylphenylarsine in ether to the molecular proportion 
of mercuric chloride in the same solvent. The precipitate formed was 
washed w ith ether and crystallised as needles from hot alcohol, m.p. 157-58°. 
(Found: Hg, 36*5. C|»HitCl 4 As Hg requires Hg, 36 8 per cent). 

The silver nitrate double salt was obtained by heating alcoholic solution 
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of /J/J'-dichlorodivinylphenylarsine and silver nitrate for 2 hours on a water- 
bath. The solution was poured into ether and filtered from the precipitated 
mass, which melts indefinitely at 205-12*. The mother liquor on further 
dilution with ether gave a pasty white precipitate, which was dried 
on a porous plate and crystallised from alcohol as clustered needles, m.p. 
170°. (Found: Ag, 23*9. Cj 0 H 9 O3NCl 2 AgAs requires Ag, 24*2 per cent). 

PP'-Dichlorodivinylphenylmethylarsonium Iodide (IV).—/fyS'-Dichloro- 
divinylphenylarsine was heated in a sealed tube on the water-bath with 
excess of methyl iodide for 2 hours. The crystals separating were collected 
and crystallised from alcohol, m.p. 232°. (Found: As, 17 28. Cj jH j L'l^AsI 
requires As, 17*9 per cent). 


A rsindolc Derivatives. 

i-Chloroai sin dole. — (a) It was prepared (cj. part IV) from / 3 -chloro- 
vinylphenylchloroarsine in presence of anhydrous aluminium chloride in 
dry carbon disulphide. The fraction boiling at i35°-4o / 5 nun. was collected. 

(b) / 3 -Chlorovinylphenylchloroarsine (10 c. c.) was heated under 
reflux for 4 hours at 230 ft -40 c when hydrogen chloride was evolved. The 
black mass was extracted several times w ith ether, the solvent evaporated 
off and the oil distilled at I32°-I40'5 mm. [Found: As, 35*1; M.W. (cryos- 
copic in benzene), 2i7'4- C h H ( .C 1 As requires As, 35 2 per cent. M.W., 
212-5], 

1 -Mclhylarsindole was prepared in accordance with the method given 
in Part IV. The mercuric chloride double compound melts at 15^-51°» 
identical with that from other source. (Found: As, 39*1. CrHoAs requires 
As, 39*06 per cent). Picrate, m.p. and mixed m.p. 106-7°. 

i-Ethylarsindole. —It was prepared from 1-chloroarsindole and ethyl 
magnesium iodide in a manner similar to that for i-methylarsindole. 
The compound was extracted with ether, the solvent removed and the oil 
distilled at 138-45°/6mm. Like the methyl derivative it also possesses 
a very strong offensive smell and produces blister on the skin which is 
very difficult to heal. [Found: As, 36 3; M.W. (cryoscopic in benzene), 210. 
CjoHijAs requires As, 36*4 per cent. M W., 206]. It readily gives a 
picrate, m p. 100-2°. 

My thanks are due to Dr. M. Goswami and to Mr. B. C. Ray for their 
keen interest in this investigation. 
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A MODIFICATION OF THE GUARESCHl PYRIDINE 
SYNTHESIS. PART II. 


XIR M ALAN A N DA PALIT. 


In Part I of this work (/. Indian Client ■ Soc., 3937 ,14 219) it was shown 
that under the influence of diethylamine, cyanoaeetamide adds to ethyl 
l>enzylideiieacctoacetate to form a riiiK compound (I) which presum¬ 
ably is the primary reaction preceding the formation of pyridines by 
(lUareschi’s method. 



Ph 

1 



1 

CII 

CN'CH a 

CXHC 

^Ncirco^ict 

1 

C<) 

sycu )H)Me 
XH 

RC 

\h 


(I) 

(II) 


CN'CH 

RC 

\h, 

(III) 


This intermediate compound was found to be uncommonly stable and the 
reactivity of the amido hydrogen atom, which is responsible for the rin^, 
closure by tautomerisation, was attributed to its position between two car- 
l>onvl groups To test this view cyanoaeetamide was replaced by the 
dinitriles of Meyer (('linn. Zenit., 100S, II, 591) which can react in both the 
forms (II) and till). The reaction would be parallel to one already studied 
by Meyer (loc . cit.) in which the dinitrile was condensed with an arylidene- 
acetophenone in presence of sodium ethoxide. 
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Gastaldi ( Gazzctia , 1932, 52, 169, 305) has thrown considerable doubt 
Upon the constitution of these products. He prepared 2.4-diphenyl-6- 
methylpyridinc (V) from the corresponding pyryIlium salt and found it to 
be different from the product obtained by Meyer by hydrolysis of IV (Ar = 
Ph;R=Me) followed by removal of carlwn dioxide. The problem was, 
therefore, taken up in more detail to lx* described in a separate communi¬ 
cation the result of which indicates that Meyer’s mode of representing the 
reaction is not incorrect. If that is so, ben/.y 1 ideneacetoacetie ester would 
be expected to behave in an analogous way, but sodium ethoxide failed to 
bring about any condensation at the room temperature and if warmed 
the unsaturated keto-ester was decomposed. With diethylamine, however, 
the condensation has been effected and a product (C1 .#11m.p. 152 0 , is 
obtained and this has been identified to be ben/ylidenebis-acetoacetic ester 
whichever dinitrile is used. It shows that the dinitrile does not take 
part in the reaction at all. A decomposing influence of organic bases on 
the olefine keto-ester of a different nature lias been previously recorded by 
Ruhemann (/. them . Soc., 1903, 83 , 374). 

vSeveral attempts to bring about the desired reaction failed with different 
condensing agents and at last Kohler and Souther's method (/. Amcr. 
them. Soc. , 1922, 41, 2903) using sodium methoxide seemed to prove more 
fruitful. The product in every case is a sticky semisolid complex mixture 
which does not solidify even on prolonged standing in ice and is difficult 
to purify. Thus with bjn/.oacetodinitrile (II, R ~ Pit) the pn duct is a 
mixture of the pyridine (VI) and the dihydropyridine (Y r II) obtained pre¬ 
viously by Meyer (loc. c//.). 


Ph Ph 



Nil 

(VI) (VII) 


No trace of a compound of intermediate aldoi structure could lx* isolated. 
This is in harmony with the view suggested above. 

I11 the above condensations, Ixnzylidene cyanoacetic ester has also Ixen 
used which is stable towards sodium ethoxide and consequently gives much 
better yields of pure products* 

5 



N. PAUT 


:i5fi 


H \ V E R 1 M I? N TAX.. 

Reactions with Ethyl Benzylidcncacctoacetatc, 

(a) With ft-Amino-ft-phenylacryloniirile : Formation of 3 : yDicyano- 
2:4:6 -triphi n vldih yd ropy rid i n e and S'Cyano-ycarbcthoxy-2-mcthyl-4 : 6- 
d i phcnylpy ndinc . — A methyl alcoholic solution of the dinitrile and the 
ester was treated with a feu drops of methyl alcoholic sodium methoxide 
to give a distinct alkaline reaction. The reaction was not complete 
even on keeping for more than a fortnight. A subsequent heating on a 
water-bath facilitated the reaction. If heating was done earlier the decomposi¬ 
tion products increased at the sacrifice of the pyridine. However in each 
case the alcohol on evaporation left a sticky semisolid A solution of it 
in the minimum quantity of glacial acetic acid deposited on cooling a very 
small quantity of a pale greenish crystalline powder, mp. 268°. (Found: 
C, 83*4 ; II, 5*o ; N, irK. C*f,Hi 7 N; t requires C, 83*2 ; H, 4*7; N, 11*7 per 
cent). The mother liquor on evaporation gave the same non-crystallisable 
sticky mass. After boiling for a few minutes with dilute hydrochloric acid, 
the extract on cooling gave white needles of the cyanoketone produced by 
hydrolysis of the iminonitrilc. It crystallised from benzene, m p 189°. 
(Found: C, 7602; H, 5 6; N, 8*43. CasH^OoNg requires C, 77'iq; H, 5*29 ; 
N, 8-19 per cent). 

(h) U’itli ft Amino ft-\yiolylacrylonihilc. —The sticky mass obtained by 
evaporating the condensation mixture was Ixnled with dilute hydrochloric 
acid. The solid obtained crystallised fiom acetone in large plates, m p. 189°. 
(Found: C, 777< s i H, 5*0 ; N, 7*8. requires C, 77*52; H, 5*6 ; 

N, 7*86 per cent). 

(r) With ft-Amino-p-anisylacrylonihilc — The solid obtained by lulling 
with dilute hydrochloric acid was twice crystallised from alcohol, m.p. 
mo u2 ( °, after shrinking at 187°. (Found: C, 73*92; H, 5*63 ; N, 7 8. 
requires C\ 7H9 ; H, 5*38 ; N, 7*51 per cent). 


Reaction with Ethyl Benzylidcnccyanacctate- 

(a) With ft-Amino-ft-phvnylactylonitrile: Formation of Diethylammo- 
nium salt of y.$-Dicyano-2-kcto-4:6-diphcnylpipcridinc (cf. part I).—0*1 
Mole of each were dissolved in absolute alcohol and a few drops of diethyl- 
amine added. Next day a crystalline deposit was obtained More of 
diethylatnine was added till its smell persisted. The colourless crystals were 
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filtered after two days (15 g.), and crystallised from alcohol, m p. 208-10*. 
Boiling acetic anhydride gave the same pvridone as below. (Found: 
C, 74*37; H, 6*19; N, 15 45. C 2 sH 2 20N, requires C, 74*59; H, 5*94; N, 
15*13 per cent). 

Hydrolysis of the above Compound : Formation of y.$-Dicyano-4:6- 
diphenyl-A^-dihydro z-Pyridone. —With dilute caustic soda strong ainmonia- 
cal smell was given out in the cold and when heated the evolution of the gas 
was copious. Messier*s reagent was unaffected by it. The reaction was 
quickly over. The residue crystallised from a large volume of alcohol as a 
voluminous mass, m p. 250-51 (Found : 0,76*45; II, 410 ; N, 14 44. 
C»rjHj |ON ; * requires C, 76*76 ; H, 3*70 ; X, 14*14 pel cent). 

(b) With p Amino-ft-\>’tolylacrylonilfile; Formation of yyPii yano- 
4‘phcnyl-6-tolyl-^™-dHiydio-2-pyridonc ( cf . part I).—The dinitrile (f6g.) 
was added to absolute alcohol in which sodium (0-23 g ). was added. On 
adding the unsaturated ester (2 g ) to the suspended nitrile, the colour 
deepend to brownish yellow and quickly the whole went into solution- It 
was boiled under reflux on a water-bath for two hours, the alcohol evaporated 
and the residual jelly treated with water. A white precipitate was 
obtained, which crystallised from glacial acetic acid, yield quantitative, ni p. 
293 0 . (Found: C,76*91; H, 4*52 ; N. 13 65. Canlij jON# requires C, 77*17; 
H, 4*18 ; N, 13*5 per cent). 

(c) With P-Amino-p-anisylacrylonituU .—-The product crystallised 
from a large volume of acetone or glacial acetic acid as yellow mesh of 
needles, m.p- 296°. (Found : C, 73*10 ; 11, 4*31 ; N. 13*0- Can 1 I|;iO«N ; j 
requires C, 73*39 ; H, 4*0; X, 12*78 per cent). 


SeihNCIv CoLU'.C.U, 

Patna, 


Ilut tied Mimh 23, HJ37, 



SIMULTANEOUS DETERMINATIONS OF CHLORINE. 
NITROGEN AND ARSENIC IN ORGANO- 
ARSEN1C COMPOUNDS. 

B\ Hikendka Xath I)as-< Jrn*A. 

The piescnt woik was undertaken with a view to find out a suitable 
method for the simultaneous and rapid detei initiations of arsenic, nitrogen, 
and chlorine, the latter living attached to arsenic. Of these three elements 
the chlorine linked to arsenic deserves special attention. The extreme 
ease and rapidity with which this element undergoes changes renders 
its determination difficult by most of the existing methods. In order 
to shorten time several processes, outlined by different investigators, 
were tried but without any satisfactory results. Robertson’s method 
(/. Chcm. Soi., 1915, 107 , 902) gave unsatisfactory results on account of 
very rapid evolution of hydrogen chloride which could not be trapped in 
the absorption tul>es. Similarly Nomura and Murais’ method (Bull Soe. 
thini.j 1024, 35 , 217) presented the same difficulties as in Robertson’s 
process. By applying ter Meulen’s method (Rcc. trav. chim. t 192S, 
47 , tx)S) it was observed that the catalyst was coated with a deposit of 
metallic arsenic and that the reactions in many cases were not complete and 
even with the same substance varying results were obtained which were 
gradually on the decrease. If, however, aslxstos fibres lx* placed on either 
sides of the catalyst, the results obtained are more or less comparable. 

The pnx'ess is based on the fact that organic compounds, containing 
the al)ove mentioned elements, are decomposed when treated with a 
mixture of potassium sulphate, sulphuric acid and a little metallic selenium 
as a catalyst, with the liberation of hydrogen chloride and selenium 
chloride which are quantitatively absorbed in alkaline hydrogen peroxide. 
The absorlx-d chloride may lx* estimated either volumetrically or gravi- 
metrically. In the latter case, however, the associated selenium should 
lx* first precipitated by sodium bisulphite. Arsenic and nitrogen are 
retained by the sulphuric acid mixture. The nitrogen in the digestion 
flask is lilx-rated as ammonia and is estimated by the usual method. 
The arsenic left is first of all reduced to trivalent state by sodium bisulphite 
and then titrated iodimctrically after separating the precipitated metallic 
selenium. The digestion i>eriod is only from 25*35 minutes but the duiation 
depends solely on the nature of the substances to be treated and in 
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cases of volatile compounds. this should lie increased so as to avoid loss by 
volatilisation of the original compounds. 


K x 1* K R 1 M K N T A I.. 

The Apparatus, —A flask of 250 c.e. capacity was used for efleelmg the 
digestion of the compound. It was fitted with a ground-glass joint to 
which was attached a stoppered funnel (10 c.c.), the stem reaching nearly 
to the bottom and ending in capillary and the exit-tube contained a trap 
at the middle. The absorption apparatus consisted of a simple mod ilk at ion 
of the well-known Peligot bulh-tulie and a second smaller tul>e which 
served as a guard. This was connected to a water-jet puinp. 


Fig. 1 . 



Reagents required are pure sulphuric acid, pure potassium sulphate, 
15 % sodium hydroxide solution, hydrogen peroxide free from chloride, 
and pure metallic selenium. It is advisable to carry out a blank experiment 
with the reagents mentioned to ensure that the materials are free from 
chloride, arsenic and nitrogen under exactly the same conditions as m 
actual estimation. 

Procedure .—The substance (01 -o’2 g ) was accurately weighed out 
into the digestion flask and 7-8 g. of pure potassium sulphate and 5* 10 nig. 
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of metallic selenium were introduced into the flask. The ground-glass 
joint, lutoicated with syrupy phosphoric acid, was fixed into position 
and the flask was connected with the system of absorption tubes. The 
first absorption tube contained 15 c.c. of 15% sodium hydroxide solution, 
containing an equal volume of hydrogen i>eroxide, and the second tube 
Contained 10 c.c. of alkali solution with the same volume of the peroxide. 
The funnel was filled with 10 c.c. of concentrated sulphuric acid and the 
pump started, when the sulphuric acid came down. The flask was allowed 
to remain for 15 minutes with occasional shaking and then heated slowly 
over a small flame. The contents of the flask at first l>ecame dark, which 
gradually turned colourless or light yellow after passing thiougli inter¬ 
mediate shades of colour. During the whole operation a stream of air 
should be maintained and its rate increased towards the end. The acid 
mixture should boil during the last stage and the toiling should be prolonged 
for 5 minutes more after complete digestion. The different elements were 
then estimated as described Inflow. 

Estimation of Chlorine .—The contents of the al>sorption tubes were 
washed into a leaker and the chlorine estimated either gravimetrically or 
volumetrically. In the former case the solution was boiled to expel the 
hydrogen peroxide, treated w ith 1 c.c. of a saturated solution of sodium 
bisulphite solution and after 2-3 minutes gradually acidified with nitric 
acid The solution was then filtered from precipitated selenium and the 
excess of silver nitrate solution added The precipitcd silver chloride 
was filtered into a weiglied Gooch crucible, washed, dried and weighed 
in the usual manner. In the latter case, the solution was boiled, acidified 
with nitric acid and 10 c.c. lor more) of A'/ u>-silver nitrate solution added, 
filtered from the precipitated chlorides and the excess of silver titrated 
back with A’, 10-ammonium thiocyanate solution in the usual manner. 

Estimation of Nitrogen .—The ammonia present in the digestion 
flask was expelled with strong solution of sodium hydroxide and was 
estimated us in the method of Kjeldahl. 

Estimation of Arsenic .—The contents of tile digestion flask after 
removal of ammonia were washed into a bigger vessel and 10 c.c. of a saturated 
solution of sodium bisulphite added and then acidified slowly by sulphuric 
acid. The solution was boiled to expel all the sulphur dioxide, cooled 
and filtered from the precipitated selenium. The filtrate was neutralised by 
excess of sodium bicarbonate and the arsenic was titrated by N/ 20-iodine 
solution. (1 c.c. of 20-iodine « 0*001875 g. of arsenic). 

The following tabic shows the nature of the results obtained in the 
cases of substances examined by this method : 
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Compound. 

C h I 

0 r i 11 e 

A r s 

e 11 i c 

N it rngen 


Pound. 

Calc. 

Pound. 

Cali*. 

pound. Calc 

Metbyldichloro-A 

43 - 8 y % 

44 '*<*) % 

4 6 *3 % 

4^*5 % 


Kthyldichloro-A 

40*6 

40*5 

42*6 

42*8 


3-Chlorovinyl- 

dichloro-A 

51*08 

5 i* 3 i 

36*2 

36*1 


jB^-Dichloro- 

divinylchloro-A 

45 * s 

45*6 

3 **« 

3 - 2*1 


ftB^"-Trichloro- 

trivinyl-A 

4075 

41 4 

28*8 

28^ 

• 

/ 90 '-I)iehloro- 

diiinylmethyl-A 

33*5 

33 * 3 1 

35*4 

35 - 


Phenvldichloro-A 

31 ‘b 

31*8 

33*5 

33 6 


w-Nitrophenyl- 
arsotiic arid 

— 

— 

3°*4 

3 0*3 

5*5 5 *^ 

0 Nitrophenyl- 
nrsonic acid 

— 

— 

30* 1 

30*3 

5 * 4 * 5 * 6 

/>-Nitrophenvl- 
nrponic n<id 



30-2 

3 ° *3 

5*45 5 * 6 


(A stands for arsine) 


This method is not applicable, however, to the estimations of hromityg 
and iodine in tl e corresponding organo-aisenic halides. 

My thanks are due to Dr. M. N. Goswami and to Mr. H. C. Roy for 
their keen interest in this investigation. 

Applied Chemistry L,aiu>katoky, 
l/Nl\ KKS1TY ('oUK<‘.h ()E SCIENCE AM) 

Technology, Calcutta. 


Received February 17, 1937 



CONSTITUTION OF THE SEEDS OF BLEPHARIS EDULIS, 
PERS. PART 11. THE COMPOSITION OF THE OIL 

By (L P. Pendse and Jagraj Behari Lai,. 

A bitter glucoside Blepharin (Cir.HgoOi |, m.p. 222 0 ) and d/-allantoin 
were isolated from the seeds of Blepharis cdulis, Pers (Lai, /. Indian Chew. 
Sac., 1936, 13 , 109). The present paper deals with the composition of the oil 
obtained from the seeds by exhaustive extraction with benzene. It has 
been found that the oil contains oleic and linolic acids in the unsaturated 
j>ortion and palmitic, stearic and arachidic acid in the saturated portion of 
the fatty acids. The u 11 saponifiable matter is Identified to be a sterol. The 
oil on standing for over three days deposited a sterol identified to be arni- 
diol (cf. Klohh, Cowpt. rend., 1904, 138 , 763; 1905 140 , 1700). 


I? X V h R I M K N T A I. . 

q Kg. of the powdered seeds on exhaustive extraction with benzene 
yielded 342 g. (3*8%) of a thick reddish brown oil possessing the characteris¬ 
tic odour of the drug. The crude oil was purified in the usual way. It 
deposited a small amount of a light brown solid on standing for 2-3 days. 
It is free from nitrogen or sulphur and has been found to belong 
to the class of setni-diying oils. The chemical and physical constants of the 
oil are given in Table I. 150 (i. of the oil were saponified in the usual way. 
The constants of the fatty acids are given in Table II. 


• 

Tari.e I. 



Optical rotation 

1 n 

la1 D, ~ 

Sapon. value 

1865 

Sp. frr. 

o*gyi2 nt 28* 

Acetyl value 

”'54 

Yiscosit\ 

8*35 (compared to Rape* oil) 

Ilchncr’s value 

01*65 

Ref. index 

1 4846 at 30* 

Iodine value 

yo*8 

Solidifving point 

Acid value 

- 3 * 

u 85 

rn&aponifiable 

matter 

2 - 5 - 3 % 
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Tablb II. 


Consistency 

Semi-solid. 

Neutralisation value 

i8o-R 

Sp. gr. 

0 9054 at 30* 

Mean M W. 

309*5 

Ref. index 

1-4796 

Iodine value 

92*5 


The mixture of the fatty acids was then separated into the saturated and 
unsaturated acids by Twitchell’s method (Ind. Eng. Chan, 1921, 13 , 806). 
During the separation of the acids a small amount of a resinous mass, insoluble 
in ether, was separated. Table III gives the percentage, mean M. W. and 
iodine values of the saturated and unsaturated acids. 


Tai*i,e III. 


Acids. 

% of the 
mixed acids. 

% in the 
oil. 

Iodine 

value. 

Mean 
M. W. 

Saturated 

12*38 

n ‘34 

2*6 

276 

Unsatu rated 

87*62 

So *3 

104-7 

270*2 


Examination of the Vnsaiurated Acids. 


The unsaturated acids were systematically examined by oxidation with 

potassium permanganate. The absence of hexahydroxystearic acid proved 

the absence of linolenic acid. Two acids, dihydroxystearic acid and tetra- 

hydroxy stearic acid, were isolated by extraction with ether and hot water. 

These two acids showed the presence of oleic and linolic acids in the mixed 

• * 

liquid acids. 

The quantitative examination of the unsaturated acids was done by the 
method of Jamieson and Baughman (/. Amcr . t hem . Soc. t 1920, 12 , 1197) 
by preparing their bromo-addition products. The hexabromo derivative of 
linolenic acid is insoluble iu cold ether ; since no precipitate insoluble in 
ether was found, the absence of linolenic acid was confirmed. The ether- 
soluble portion was dissolved in petroleum ether and cooled when crystals of 
linolic tetrabromide (m. p. 113-14 0 ) separated showing the presence of 
linolic acid. The residue was evaporated to dryness and the bromine content 
estimated. Table IV gives the results of the analysis of the bromo-additton 
products. 

6 
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Table IV. 


Wt of the unsaturated acids 

44632 g 

Linolic acid tetrabromide 

12364 

Residue idi- and tetrabromides' 

6.0138 (Br, 36-68%) 

Dibroino-oleii acid in the residue 

5-8388 (97-1%) 

Tetrahroinolinolic acid in the residue 

0-1749 (2-9%) 

Total tetrahromolinolic acid 

1-4113 

Linolic acid equivalent to the tetrabromide 

0-7305 (16-37%) 

Oleic acid equivalent to the dibromide 

3-7252 8345%) 


The iodine value of the mixture of the unsaturated acids was found to 
be 104*7. Table V contains the percentage of the linolic and oleic acids 
calculated by the bromine addition method and from the iodine values. 


Table V. 

Bromine addition method. Calc from the iodine values. 



£ * 

|*1 

0 

<u *o 
jc <v 

cc <r. 

c 3 

0 

QJ CO 
£ >, 

*rt 

S <J) 

P 

C co 

0 

<v <v 

he total 
ty acids 

X 

G 

;a 

c_ 

<u*o 



C 2 

£3 

£ Q) 

„ CO 

JB 


c »~ 



^ u. 

ZZ v< 

c 

Oleic acid 

«V45% 

72*75% 

66-66° 0 

83-93% 

73-16% 

67*04% 

Linolic acid 

16-37 

14-27 

13-08 

16-07 

14-00 

12-83 


Examination of ihc Saturated Acids- 

* The saturated acids separated from the mixed acids were freed from 
traces of liquid acids by pressing over a porous plate. The acids, thus 
obtained, are yellowish white in colour, m. p. 54-55". 

The mixture of the acids was converted into the methyl esteis and 10 g. 
of the esters weie distilled under reduced pressure- The iodine values and the 
saponification values of the different fractions were deteimined and the mean 
M. W. calculated. The mean molecular weight of methyl palmitate is 270*3 
and that of methyl stearate 298*4. The mean molecular weights of the first 
three fractions lie between these two values and therefore indicate a mixture 
of the two. The mean molecular weight of the last fraction is greater than 
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298 and hence contains the ester of an acid 
of higher molecular weight. The free acid ]2 

obtained from the last fraction melted at S.'S 

about 71-73 , pointing it to be a mixture | 05 

of arachidic acid and stearic acid. The 
percentages of the acids were determined 
in the different fractions by means of their 
iodine values and mean molecular weights *3 

(/. Amer. them. Soc. t 1920 42 , 152). ~ 

Tables VI and VII contain the results of *g 

the analysis. < 


Table VI. 


Frac- B. p. 

Wt. of frac- 

M. p. of 


tions. 

tioris. 

free acids. 


1 180*200°/1 -5 mm. 

2-28 g. 

63-64° 


2 200-20°/1 nun. 

.V64 

64° 

t-H 

HH 

3 220-35°/i nun. 

(>’84 

66 68° 

r* 

W 

.J 

» 

4 Residue above 240" 

3-24 

71*73° 

< 


Examination of the Unsaponifiabfc 
Matter . 

The 11 nsaponifiable matter (3%) was 
dissolved in ether and washed with water 
repeatedly to remo\e the adhering soap. 
The dried etheieal solution was distilled 
when a yellowish white sticky matter was 
obtained. O11 repeated crystallisations 
from alcohol white silky flakes were 
obtained, m. p. 115-117°, («),? (in chloro 
form), — 35 0 . From the colour reactions 
the unsaponifiable matter was identified 
to be a phytosterol. [Found : C, 78 0 ; 
H, 10*33. C* 7 H 47 O, 2 H 2 0 (?) requires 
C, 77*92 ; H, io-6 per cent]. 




•-» *+■. 


29Q7 o Si° 0 (003 g.) 299S . 3<>3 0-029 (o'9° 0 ) 0*0285 to-8%) 
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Examination of the Soltd scpaiated from the Oil. 

The light broAn solid which was deposited from the oil was filtered and 
pressed on a porous plate. It was then washed with benzene in the cold to 
remove the adhering oil. A light brown coloured amorphous solid (i g.) was 
thus obtained. The amorphous powder was extracted repeatedly with boil-. 
ing alcohol which on cooling deposited a crystalline solid, m.p. 249-50°. 
A little of the amorphous powder was insoluble in alcohol and did not yield 
any crystalline product. 

The crystalline solid answered to Salkowskis's test, hydrochloric acid 
test, and Burchard-L,iel>ermann's tests and was proved to be a phytosterol. 
The sterol appears to !>e identical with arnidiol described by Klobb 
(loc. cit.). [Found: C, 79’8t>; H, n'26. C 28 (OH) 2 requires C, 
81*15 i H, ii’ii per cent]. 


Sterol from filefharis cdulis oil. 


Arnidiol . 

M. p., 249-50* 


M.p, 240-50° 

(«] I*. — 6l *5 


[aj 1), -62*8 

tin chloroform solution) 



Placctvl derivative, 

m p. 96-08° 


Diacetyl derivative, m. p. ioo° 

The authors take the opportunity of expressing their indebtedness to 
Dr, S. Dutt of the Allahabad University for his valuable help and guidance 
throughout the investigation. One of us (G. P. P.) is thankful to the 
authorities of the Victoria College for the facilities given to him. 

Chkmical Laboratory, 

Victor n Cok.lh.i-, 

CiWAllOR State 


Received May 25, 193^ 



^CHEMICAL examination of the fruits of solanum 

NIGRUM, LINN PART I. THE COMPOSITION OF 
THE OIL FROM THE SEEDS. 

By G P. Pendsk. 

Solanum nigrum (N. (). Solanaccac), known in Hindustani as Gurkamai 
and Chhoti Makot , is widely cultivated in India. The description of the 
plant and its medicinal properties are given in detail by Dymock (" Pharma- 
cographtca Indica” 1891, II, 549) and Basil and Kirtikar (“Indian Medi¬ 
cinal Plants,” 1918, II, 889). The berries of the plant are of great impor¬ 
tance in Hindu medicine as being useful as a tonic, and in heart diseases, 
in fevers, diarrhoea, eye diseases, chronic enlargement of the liver and 
various other ailments. 

Geneviland Desforses (r/. Dymock, loc. cit.) isolated the active principle 
of these fruits and assigned to it the formula H 7 G|«N and named it as 
solanine, The present paper deals with an account of the fixed oil obtained 
from the seeds of the fruits. The juice, the husk and the oil-free seeds 
are under investigation. 


Experimental. 

20 Kg. of the fresh fruits yielded : juice, 6 litres (30%) ; husk 
(dried), 075 kg. (375%) ; seeds, 1*9 kg. (9*5%). 

The powdered seeds (rg kg.) on exhaustive extraction with petroleum 
ether (b.p. 56-60°) yielded about 380 g. (about 2%) of a greenish-yellow 
oil having chaiacteristic odour of the drug. The crude oil was purified in 
the usual way with animal charcoal and Fulleis* earth. The oil is free 
from nitrogen and sulphur and has been found to belong <o the Drying 
class of oils. The physical and chemical constants are given in Table I. 


Table I. 


S 8 

a 'in alcoholic solution), —6*61 

Sapon. value 

i 84'7 

Sp. gravity 

0*8964 at 30* 

Acetyl value 

9-97 

Viscosity 

7*12 (compared to rape oil) 

HehnerV* value 

93 ‘W 

Ref. index 

1*4436 at 30* 

Iodine value 

1117 

Solidifying pt. 

- 7 * 

Uusaponifiable 


Acid valne 

2*4 

matter 

1*4—x*6% 
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150 (i. of the oil were saponified with alcoholic potash and the unsaponi- 
fiablc matter extracted with ether. The fatty acids were liberated and 
purified in the usual way. Table II gives the constants of the mixed fatty 
acids. 


Tahi.k II. 


Consistency. 

Liquid. 

Neutralisation value 

i«V 4 

Sp. gravitv 

0*8682 at 30* 

Mean M. W. 

.3052 

Ref. index 

1*4125 at 30* 

Iodine value 

112-4 


The mixture of the fatty acids was then separated into the saturated 
and unsaturated acids by Twitchell’s method (Ind. Eng. Client., 1921- 13 , 
806). During the separation a small quantity of resinous mass insoluble in 
ether was separated. Table III gives the percentage, mean M. W. and 
iodine values of the saturated and unsaturated acids. 


Tahi.e III. 



Vo in the 

in the 

Iodine 

Mean 

Acids. 

mixed 

acids. 

oil. 

value 

M.W. 

Saturated 

5*88 

y 4 8 

3 - 6 ; 

280*4 

I'lisaturated 

94-12 

87*62 

114-8 

276*6 


Examination of the Vnsatuiatcd Acids. 

The unsaturated acids were systematically analysed qualitatively by 
oxidation with i>otassium i>ermanganate. Hexahydroxystearic acid could 
not l>e detected in the oxidation products showing thereby the absence of 
linolenic acid. Htlier extracted a crystalline acid (m.p. 134-36°) which was 
identified as dihydroxy stearic acid. The ether insoluble portion on extrac¬ 
tion with boiling water yielded an acid (m.p. 170-72°), which was proved 
to be tetrahydroxystearic acid. The formation of these two acids and the 
absence of hexahydroxystearic acid prove the presence of linolic and oleic 
acids and the absence of linolenic acid in the unsaturated acids. 

The quantitative estimation of the acids was done by the bromine addi¬ 
tion products by the method of Jamieson and Baughmann (/. Amer. Chem . 
Soc 1920, 12 , 1197). Table IV gives the results of the analysis of the bro¬ 
mine addition products. 
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Table IV. 


Wt. of the unsaturated acids taken 
Linolenic hexabromide insoluble in ether 
Linolic tetrabromide (m p. 113-14°) 
Residue (dibromide and tetrabromide) 
Pibromo-oleic acid in the residue 
Tetrabroniolinolic acid in the residue 
Total tetrabromolinolic acid 
Linolic acid equivalent to tetrabromide 
Oleic acid equivalent to dibromide 


47378 K* 

Nil. 

1*8636 g. 

6*0352 (Br, 38*02%) 
5*340 (89*37%) 
0*6412 (10 63*;,,) 
2*5048 

1*2958 (27*36 %) 
3*4406 (72*63 %) 


The proportions of the linolic and oleic acids in the unsaturaled acids 
were also determined from the iodine value of the liquid acids. Table V 
contains the percentage of the two acids calculated by the bromine addition 
method and also from the iodine value of the mixture. 


Table V. 



Bromine addition 

method. 

Calculated 

bv iodine 

* value. 

Acids 

In the mixed 
unsatura ted 
acids. 

In the total 
fatty ai id* 

In the ori- 
. ginal oil 

In the mixed 
unsaturated 
acids. 

In the 
total 
fatty 
acids. 

In the ori¬ 
ginal oil. 

Oleic 

7 

68*36% 

63-63% 

72 '« 5 % 

68*54% 

63-83% 

Linolic 

27-36 

25*75 

23-97 

VIS 

25-56 

23-79 


Examination of the Saturated Acids. 

The mixture of the saturated acids was freed from traces of liquid acids 
by pressing it over a porous plate. The saturated acids were converted into 
their methyl esters and about 8 g. of the esters were fractionally distilled 
under reduced pressure. The saponification values of the different fractions 
were deteimined and the mean molecular weight calculated. The acids 
were libei ated from the different fractions and their melting points deter¬ 
mined. The presence of palmitic and stearic acids only could be shown in 
the mixture of saturated acids. Table VI contains the results of these 
experiments. 




870 


Fraction. 


i 


2 


3 
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Table VI. 


Bp. 

Wt. of the 
fraction. 

Sapon 

value. 

Mean 

M. W. 

Acids M.p, of 
Palmi- Stea- liberated 
tic ric acids. 

J 7 "*-i 857 i nun. 

2-64 g. 

202 *4 

277-2 

1-90 g. 
( 7 «-s 6 %) 

0-62 g. 63-65* 
( 23-4 ) 

185-200*/07 nun. 

1*52 

196*6 

285-4 

o-68 g. 
( 43 ’ 87 % - 

0*80 g. 64-66* 

( 5 »' 2 i%) 

Residue 

3*84 

190*8 

294-1 

°" 5 2 g- 
(> 4 - 5 % 1 

3-12 g. 67-68* 
(8071 %> 


Examination of the Unsaponifiable Matter . 

The unsaponifiable matter (i’5%)» obtained from the soap solution by 
means of ether, was washed in ethereal solution with water. The dried ethe¬ 
real solution was next distilled when white silky flakes were obtained. It 
was crystallised from alcohol as colourless silky flakes, m.p. 127—29'. The 
acetyl derivative was prepared in the usual manner, m.p. 119—20°. The 
optical rotation in alcoholic solution was (o)V= *-30*5°. The unsaponifi¬ 
able matter gave the colour reactions of a phytosterol. 

The author takes this opportunity of expressing his indebtedness to 
Dr. S. Dutt of the Allahabad University for his valuable guidance, to Dr. 
N. Cthatak for his kind interest in the investigation, and to the authorities 
of the Victoria College, Gwalior, for the facilities given to him. 


CHEMICAL LABORATORY, 

Victoria College, 
Gwalior State. 


Received May 25, 1936. 



WEIGHTING OF INDIAN SILK. 

By C. R. N. Reddy and 13 . S. Skikantan. 

Weber ( Tcxiilber ., 1936, 17 , 1 >7) has made a detailed study of the 
tin weighting process on silk fibres and considers that stannic phosphate 
formed as a result of the action of the unhydrolysed stannic chloride and 
the di-sodium phosphate of the fixing bath has got a detrimental effect on 
the fibres. Attempts have l>ecii made to substitute tin with other heavy 
metals like zinc (Berg and Iinhoff, l\S. 1 \, 15790.18) and lead (Berg, 

Imhoff and Heiberg, U S.I\, 1935, 1990449, and 1990450). But in these 
patents a treatment with tin as a preliminary to the process is considered 
necessary. However, a more recent patent (Rotheli, l T .S.l\, 1935, 2010324), 
in weighting with lead under certain exi>erimental conditions covered by the 
the patent, completely avoids the use of tin. It is claimed that a weighting 
of 200% is obtained without adversely affecting the tensile strength of the 
fibres. 

In India silks are not generally weighted before selling but the bulk of 
them are sold in a raw state (private communication from the sericultural 
expert, Madras). The following paper describes the results of a detailed 
study of the conditions of the weighting of Indian silk with lead acetate 
directly. Two vaiieties of silk locally known as Hi /-silk and the Mysore* 
Japanese cioss were chosen for the study. 


K X r K K I M K N T A I. . 

Weighting Procedure — Kxactly weighted quantities of silk (usually 
0-5 g.) were kept immersed in 50 c.c. of the weighting solution for a defi¬ 
nite time. Then the fibres w'ere thoroughly washed with large amounts of 
water and were dried at 78 ' ill an air oven for one hour. The increase in 
weight noted and the percentage weighting calculated. The fibres lieforc 
weighting were also kept in the drying chamlxir and it was assumed that 
the humidity of atmosphere did not vary appreciably during the days the 
experiments were conducted. The density of the weighting solution was 
noted by means of Westphal balance. 

Breaking Strength .—Instead of measuring the tensile strength as such, 
the weight necessary to break a definite length of the fibre under 
free sns|>ension was noted. Six inches of fibre were suspended by corks 
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held in a clamp. Weights were added to a small pan at the other end till 
the fibre snapped. The weight of the pan together with that of the added 
weight was taken as the breaking strength of the fibre. For each sample 
a numlicr of readings were taken and the average value of the breaking 
strength was recorded. For the untreated Isri-silk it was 95 g. and for 
untreated Mysore-Japanese cross it was 100 g. The individual readings 
did not vary more than 2 %. 

The Optimum Hydrogen-ion Concentration 0) the Weighting Bath .— 
Different strengths of lead acetate solutions were brought to various p H 
values by the addition of 25% ammonium hydroxide. The p a was deter¬ 
mined colorimetrically with cresol-red as the indicator. The following 
table gives the relation between the p u values of the weighting solution, 
the increase in weight and the tensile strength of the treated fibres. 


Taiii.k I. 

Mysore-Japanese cross silk. 



Time of 

weighting 

= 1 

hr. Temp. 

-28*5’ 




A Strength of xoln. 

j ‘ 

75 ■ 

B. Strength of soln 

1*31 

N 

•• 7 4 7 f> 


S*8 

‘J *5 

7 4 7 ' h 

480 8\j 

8-8 iy s 

41 Inrrt*a*»t in w \ 

11 4 I s - 

7 0 S'hj 

3 

in 0 

C51 ,V'< 

7’2 S'o 

S * y ’5 

Breaking 
strength (g.) 

loo uS 

KH) 1 (H) 

gh 


(/> 102 

11.) no 

100 yS 

Appearance 

. r • • • 

Pair 

■ -J 

Dull. 

[. 

Pair ... .. 

,.] Dull. 


It is seen from the al*>ve table that considering the quality of the silk 
after weighting in relation to its breaking strength and appearance, a p n 
value between 8 4 yields the best results. In the following experiments a 
p t 1 value of 8*o has been used throughout. 

Time of Weighting. —Table II shows that weighting mostly occurs in 
the first half an hour and further appreciable increase is not indicated by 
prolonged treatment. On the contrary a further treatment has a detrimen¬ 
tal action on the quality of the silk. In the case of the £ft-$ilk the 
appearance is tendered dull. 
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Taw.e II 

Temp. jS'.s. pu = S'c». 

Silk : Mys -Jap. aoss. Silk : Mys.-fap uos> 


A. Strength of 


Ik Strength of 


Silk: Krf 
0 . Strength of 



soln. - r 

56. 


soln. =-• 

i *“5 

soln.« 1 


Time (min ) 

15 30 

60 

12 0 

15 3 ° 

60 120 

30 ho 

I JO 

% Increase in %\t.(g ) 

3 9 7*1 

7*3 

S' 2 

4*5 

4*3 3 ** s 

4*5 f, 'l 

h 5 

Hrcating strength ig. 

» 97 125 

100 

96 

9 5 1U) 

ICH » ()6 

91 92 

if' 

Appearance 

[... Fair. 

.1 

Dull. 

[. .Fait 

.] Dull. 

Dull Dull 

1 >ui k 


Influence of the Concentration of the Weighting Bath .—Kxperiments 
were next j>erfornied to find the optimum concentration that would Ik* 
necessary for the maximum absorption of the salt. Solutions of different 
strengths (p H 8'o) were kept in crystallising basins and weighed quantities 
of silk w 7 ere immersed in each of them for 30 minutes at a tempeiaturc of 
28*5 c . The data are presented in Fig. i for ftri-silk and Mys.-Jap. cross. 
In general it is noted that the Hri -silk has a higher weighting capacity 
than the Mys.-Jap. cross. But it acquires a deep yellow colour as soon as 
it is brought into contact with the lead acetate solution. The silk loses its 

gloss. The deep yellow 
Fig. i. colour is insistent even 

- - - after the repeated washings 

100 but becomes lighter on a 

9*o / further treatment with sodi- 

g. 0 . / mn hydrogen phosphate oi 

/ - « u „ silicate. The weighting, 

' ° / in ^°th cases, at first in- 

Z 6-o.J/ creases with the strength 

§ S*o // the bath and soon reaches 

% If a satifration value at sp. gr. 

^ 4 ’° W 1*25, after which it is 

3*o .1 steady. 


i*o 1*25 i* 5 ° *75 

Sp. gr. of soln 

Corves 1 and 2 refer respectively to Ert silk and Mys.-Jap silk 
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Influcna of Temperature ,—Tables III and IV shows the influence of 
U*m]>eraturc of the bath on weighting. It is e\ident that a variation of tem- 
j>crature from 20' and 40 does not appreciably affect the weighting, but it 
produces a considerable deterioration in the quality of the silk as seen from 
its appearance and its tensile strength. 


'J t flip. 

t our 

T\BLh III. 

/w.-.w/P. 

„ Increase 

Breaking 

Rtmark 

, n 

Kp gt > 

i 05 

ill vs t 

r*?i g 

strength 

9 s K 

Dull 


1 *53 

h»‘jj 

99 

, > 


1*91 

in 1 J 

92 

Very dull 


1*05 

‘1 5 

94 

Pale vellow 


» 53 

10 6 

95 

Dull. 


1 91 

io\j 

96 

Ven dull. 

4<>* 

1 05 

3*95 

95 

I )eep yellow 


1 5° 

10*34 

9 S 

l> H 


1*91 

10*40 

94 

Dull jellow. 


1 < »c. 

Tari«e I\ . 

Jup.-Mys. < /oA.s 

1*4 

silk. 

tjS 

Dull. 


1 y> 

7'4 

92 

D 


1 93 

«S*1 

mo 

Ycr\ dull 

2S\S 

1 

1*5 

95 

Pair 


1 y> 

7*1 


»* 


1 9 ; 

7’*1 

IOJ 

Not fail 

jr* 

1 ■< >5 

j'i 

112 

Pair 


150 

7*2 

UK' 

>1 


1 93 

S n 

IOJ 

Dull. 

v>* 

1 3 S 

7 7 ' 


Ver> dull 


hot this silk, a temperature of about 2»s\s° and a concentration of 
1 50 tsp. gi.) seem to be the l>est conditions. 

Maximum Weighting ( opacity .— It is claimed by the patents referred 
to in this paiK*r that a weighting as high as 2tx>°n could l>e obtained with¬ 
out any adverse effect on the strength of the fibres. Table V’ gi\es the 
maximum weighting capacity of My sore-Japanese cross silk under the 
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conditions described. The silk was first tiealed with lead acetate solution, 
washed well with water and then kept for 5 minutes in a fixing I»ath of 5 0 Be., 
of sodium hydrogen phosphate, washed well and dried. This process 
was repeated till it had an adverse effect on the fibres. A weighting of 
105% is obtained. 


Taui.k V: 

Sp. gr. of weighting bath' 1'32. Temp. = 28 . />» - S’o. 


No. of treatment 

1 

- 

3 1 


% Increase in weight 

r 1 

](>.» 

-’1*2 P oft 


breaking strength (g) 

120 

1 lo 

I05 105 

105 I05 


lopSf) 




vS IT M M A K V. 

1. An attempt has been made to weight two varieties of Indian silk 
(Eii and Jap.-Mys. cross) directly with lead acetate 

2. The optimum hydrogen-ion concentration of the weighting bath has 
been found to lie S'o. 

3. The weighting is mostly a quick process taking place in first few 
minutes but the fibres can lx? loaded however to an extent of 105% inciease 
in weight by alternate weighting and fixing treatment. 

q. The weighting increases tiil the solution has sp.gr. 1*25 after 
which a further increase in the strength of the solution does not affect 
it. 

5. Variation in temperature from 2o r, -/jo° does not increase the 
weighting but has a bad effect on the fibres as seen from appearance and ten¬ 
sile strength. An optimum temperature of 28*5° is recommended. 

6 In general Mysore-Japancse cross is more suitable for weighting 
treatment than the Eri-silk, since the latter acquires an undesirable deep 
colour and loses its tensile strength, though it is capable of getting itself 
weighted more than the former in the treatment. 

Our thanks are due to the vSericultural expert of the Madras Industries 
Department for giving us the samples of silk! 


Chemical Engineering Laboratory, 
Andhra University, Waltair and 
Government College, FCitmbakonam 
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POTENTIOMETRIC STUDIES IN OXIDATION-REDUCTION 
REACTIONS PART II OXIDATION WITH 
POTASSIUM IODATE. 


By Baiavant Sivui and Ijaz Ii.aiii. 

Fenwick ( Dissertation , Ann Arbor , 1Q22, i>. 76) studied the oxidation 
of thiocyanate with iodate in the presence of concentrated hydrochloric 
acid using the polarised bimetallic system. In Part I of this series (Singh 
and Ilahi, J. Indian Chem. Soc., 1936,18, 717) the authors have shown 
that thallous chloride, stannous chloride, mercurous chloride, potassium, 
antimonyl formate and arsenious oxide can be determined i>otentiometrically 
by titrating against standard potassium iodate in presence of concentrated 
hydrochloric acid. In the present investigation the work has been extended 
to estimate potassium thiocyanate, sodium tetrathionate, hydrazine sulphate, 
potassium permanganate and potassium dichromate following the same 
experimental technique. 


K x v k k 1 M E n t a l. 


A known weight of each salt was weighed into a titration vessel and 
the required amount of concentrated hydrochloric acid added to keep its 
concentration above 4 A T . Standard potassium iodate was added from a 
burette, the mixture stirred by a mechanical stirrer and the progiess of 
the oxidation followed with the potentiometer. 

For the estimations of potassium dichromate and potassium permanga¬ 
nate, a known weight of each salt was mixed with a known excess of 
potassium iodide solution and the required amount of hydrochloric acid. 
The excess of potassium iodide was determined by titrating the mixture 
potentiometricaliy against standard potassium iodate 

A series of potentiometric titrations were informed with different 
amounts of each salt. One titration for every salt, as typical of that set is 
recorded in the following tables. 



STUDIES IN OXIDATION-REDUCTION RFACTIONS 


377 


Table I. 

Titration of K-thiocyanate 
(0*0323 g.) mixed with 20 c.c. of 
water and 25 c. c. of cone. HC 1 
against KIO tj (M/10). 


KI0 3 . 

e m. r 

E/C 


(volts). 

(m.volt 

4*oo c.c. 

o ‘552 

5° 

4*20 

0*562 

65 

4*40 

575 

85 

4'60 

0*592 

90 

4*80 

o' 6 lo 

1 JO 

49.) 

0*621 

160 

4'95 

0*629 

5M° 

5 OO 

o*886 

120 

5*°5 

0*892 

110 

5LS 

0*903 

85 

5’35 

0*920 

40 

5'85 

0*940 

13 

685 

o *953 

6 

8*85 

0*965 



Table II. 

Titration of Nadetratliiouate 
(0*0270 g.) mixed with 20 c. c. of 
water and 25 c. c. of cone. HC 1 . 
against KJ0 3 (M/20). 

KIOj. E. M. F. E ( 

(volts) (m. volt/c.c.). 


5 CO c.c 

0*586 

16 

6*c\> 

0602 

20 

6'2t> 

o*6o6 

35 

6*40 

0*613 

40 

6‘6o 

0*621 

50 

6'8o 

0*631 

80 

6*90 

0*639 

120 

6*95 

0*645 

4120 

7*00 

0*851 

200 

7*05 

o*86i 

360 

7*10 

0 860 

tx> 

7*2o 

0878 

55 

740 

0*889 

3 “ 

7 *<)o 

0*904 

9 

8*< 0 

0*913 



Table III. 

Titration of hydrazine sulphate (0*1301 g.) mixed with 20 c.c. of watet 
and 25 c. c. of cone. HCi against KIO3 (A// jo). 


KIO3. 

E. M. F. 

E t 

K10 3 . 

K. M. F. 

/:/( 

(Volts). 

fill, volt/c.c.). 


(volts). 

(ll). volt/c 

8*oo c.c. 

'*'595 

18 

9*95 c.c. 

0*69.1 

3620 

9*no 

0*613 


; n ‘( k» 

0*875 



20 


0*882 

140 

9*20 

0*617 

40 

30*05 

no 

0*893 

940 

0*625 


10*15 

60 

5° 



9’6o 

‘*■635 

60 

10*35 

0*935 

29 

9*8o 

0*647 


io'8o 

0*918 


280 



M 

9*90 

0*675 

380 

n'8o 

0*932 
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Tahlk IV. 


Taw,k V. 


Titration 

of KMnO, (< 


Titration of K 2 Cr2^ 

7 (o’OCJ15 g.) 

ini xed with 10 c.c. of water, 

4'i c.c. of 

mixed 

with 10 c.c. 

of water, 40 

FCI (M/20) and Oo c.c. of cone. HC1 

c.c. of KI (M/ 20) and 50 c.c. of 

against KI< > 

i (Mi 20). 


cone. 

HC1 against Kl() 3 (A//20). 

KIo 3 

k m- r 

h c 

KIOj 

H M .V 

R'C 


(\oltsj 

(ill \olt c t ) 


(volts) 

(m volt'c.c). 

X')OC( 

' S 57 

16 

y 5 * •<* <• 

(, ‘544 

4-2 

y*"" 

•» S 75 

U 

In on 

0 S h S 

<*n 

g So 

u 5<x. 


in >n 

“ 577 

75 

y Ho 

0 (*}j 

7 ° 

in ]n 

<» sy2 

ion 

ggo 

0 hi,] 

ft > 

10 S" 

n On.* 

15 “ 

y os 

0 hjK 

i/|«» 

in ho 

0 617 

220 

in <n t 

0 62s 

4060 

in hs 

0*628 


In < *S 

<» SjS 


in 70 

0 5 i 2 I 




2]o 



iSn 

H» 1" 



*" 7 n 

u Sv* 


1 1 » ’ » 

"S’ 

S 

H> Sn 

nS (7 

1 p» 

/ 1 1 

1 . 1 ) 

*» Sh, 

S'* 

linn 

nS)| 

On 

:«»yo 

n ft) | 

11 

11 m 

0 

, * 

11 yo 

0 <X*8 


11 60 

0 8^7 



The curves for the above titrations are given in Fig. i. 

Disc r s s i o n. 

In these titrations, w ith the addition of standard potassium iodate, the 
K.m.f. rose* steadily till the equivalence-point At the equivalence-point, 
there was a sharp jump in potential in each case. For the addition of 0-05 
c.c. of the titrant, the inflection potential was of the order of 257, 206, 181, 
203 and iQ3 millivolts for potassium thiocyanate, sodium tetrathionate, 
hydrazine sulphate, potassium jiernianganate, and potassium dichromate 
respectively. After the equivalence-i>oint, there was again a rise i 11 the 
potential which became steady on further addition of the reagent. 
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Fig. i. 



3*5 4*5 5*5 6 *5 7*5 *'S 9*5 iO '5 n *5 

c.l. of KI 0 3 . 

Curves i—5 refer respectively to K-thiocvanate, Nn-tetrath innate, hydrazine 
sulphate, KM11O4 and KjCrjCV 

From the volume of the potassium iodate solution required in each titra¬ 
tion, corresponding to the equivalence-point, the amount of the eacli salt 
was calculated. The values obtained are compared with the amounts of th 
salt taken in Table VI. 


Taiu.k VI. 


Potassium thioevauate. 

Sodium tetrathionate. 

Hydrazine 

sulphate. 

Taken. 

hound. 

Taken. 

hound. 

Taken. 

hound. 

‘>•0323 K- 

0-0322 g. 

0-0270 g. 

0-0269 g. 

0-1501 g. 

n -1299 g. 

u*< 1685 

0-0684 

0-0540 

0*0541 

o*2 j6N 

0-2167 

0 09.M 

<>•0922 

0-0712 

0 0712 

0-3892 

o- 3 « 9 »> 

0*1182 

0*1181 

o-io8i 

0*1082 

0*4731 

^*4732 
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Taiii.K VI ( could ■)• 

I*< >ta~>sia*n |H'rmaii^i(iiatc. 


KMiit ) 4 
(taken). 

KI (W;>.») 
(added). 

Kit), (M 
(used). 

KI (M/20) 

(used for permanganate). 

KMn0 4 

(found) 


40 c.c*. 

10*03 c.e. 

19*94 c.c. 

0*0630 g 

»*i >N< 1 7 

5<> 

12*25 

25*50 

o’o8o6 


hn 

15-03 

29*94 

0*0946 

* HU 

05 

14*58 

55*84 

0*1133 


Potassium dichromate. 


K7C r*( 
(taken). 

KI (M 20) 
(added). 

KI( >3 ( M/i 0) 

(used) 

KI( 3 / 20) 

(used for dichromate). 

KjCrsO? 

(found) 

o’ogi 5 k r - 

V* c.e. 

m*6S c c. 

iN*f>4 c.e. 

0*0914 g. 

o* 122^» 

50 

12*52 

24*96 

0*1224 

o-Mjyn 

3 “ 

0 *1)8 

10 04 

0*0492 

0*0733 

3" 

7*53 

14*94 

0*0732 


The* above results show that potassium thiocyanate, sodium tetrathio- 
nate, hydra/ine sulphate, i)otassium permanganate and potassium dichromate 
can lx* amuately determined by the potcntiometric method. 

The authors desire to thank Prof. H. lb Dunnicliff for his interest 
in the work. 

DlPAKTMl’NT ok C iikmistkv, 

('i<>\ kknmi.nt Cou.iv.h, 

l’M\hgSlTY OK THK PwjMl, 

LMIORfc. 
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OXIDATIVE DEAMINATION OF THE AMINO-ACIDS. 

By B. C. Kar. 

I he oxidation of the amino-acids by potato-tvrosinase was fust 
observed by Chodat and Schvveizer (. 1 tch. Sci. Phys. Sat., 1913,86, i.p>). 
The products of reaction were ammonia, carbon dioxide and an aldehyde 
containing one carbon atom less than the original amino-acid. The rate 
of the above reaction was found to 1* much increased in the presence 
of certain phenols such as p-c resol and catechol. They explained this 
deamination by the direct action of tyrosinase on amino-acids and the 
phenols caused acceleration by combining with the reaction products 
(Schweizer, Biochem . /., 1917, 78 , 37). When phenols were not present, 
the uncertainty in the detection of ammonia and aldehyde was explained 
to be due to their further reaction among themselves. 

On repetition of the above experiments of Chodat and Schwei/.er, 
Happold and Raper (Biochem. /., 1925, 19 , 92) showed that the deamina¬ 
tion of the amino-acids is not due to the direct action of tyrosinase but 
due to the formation of o-quinones from phenol. They investigated the 
effect of the addition of £-cresol, phenol, catechol, resorcinol, quinol and 
/Mxmzoquinone on the system tyrosinase—amino-acid. From the experi¬ 
mental results they found that only those phenols which are likely to give 
o-quinone or a derivative of it, caused deamination. They studied the 
action of o-quinone prepared by the method of Willstiitter and Muller 
(Bcr , 1908, 41 , 2580) under identical conditions in which the experiments 
were carried out in the absence of tyrosinase and found that this substance 
attacked the amino-acids with the production of ammonia. 

Pugh and Raper (Biochem. 1927, 21 , 1 37 °) similarly showed that 
the deamination of glycine could 1>e effected by adding o-homoquinonc 
in place of o-benzoquinone. They showed the formation of o-quinones 
by the action of tyrosinase on catechol and certain other phenols by actual 
isolation. 

Robinson and McCance {(Biochem. i 9 ^ 5 . 251) working simul¬ 

taneously over the same point came to the same conclusion as Happold and 
Raper (loc. cit.). But as regards the mechanism of the reaction they did not 
accept the view that 0-quinone brought about the secondary oxidation of the 
amino-acids ; for they ol>served that both the diminution of the amino- 
nitrogen and the production of ammonia occured in the case of glycine 
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and resorcinol in presence of tyrosinase from basidiomyccic Lactarius 
wllctcus. From these facts they opined that the system tyrosinase—phenol 
amino-acid was a much more complicated one than Happold and Raper 
thought. According to them the amino-acids played an active part in the 
system and that no otlho-q uinone was probably formed. 

Kisch and Schuwirth ( Biochcm . 1031, 242 , 1 ; 1932, 244 , 440 ; 

1932, 247 , 371 et al) have studied the oxidative deamination of the 
amino-acids by the catalytic activity of oquinone and some other subs¬ 
tances producing />*quinone. They have shown that e-quinonc is highly 
speciiic in its action, yuinol, Ixmzoquinone, protocatechuic acid, pyrogallol, 
phloroglucinol are unable to effect deamination at pu 6*8 and cause a feeble 
deamination at pu 9*12 ( Biochem . /., 1932, 249 , 63 ). At p n 9-12 resorci¬ 
nol is highly active producing 50% of the calculated ammonia from glycine. 
From the above facts it is evident that the exact mechanism of the deami¬ 
nation of the amino-acids in the system tyrosinase—phenol—amino-acid is 
yet a disputable point. 

Now the mode of action of tyrosinase on phenols can lie imitated by 
sols of tungstic acid and molybdic acid in presence of hydrogen peroxide as 
shown by the present author in a previous paper (/. Indian Chem. Soc ., 1937, 
14 , 2 gi). As the system tyrosinase—phenol can bring about the secondary 
oxidation of the amino-acids, it is expected that the system phenol—sol— 
H** >2 will bring about the same oxidation and it has actually been found 
to 1 k the case. An attempt is therefore made to throw light on the mecha¬ 
nism of the reaction and the part played by the amino acids. 

In this paper the author has made a systematic study of the influence 
of a wide range of substances on the secondary oxidation of the amino- 
acids by means of hydrogen proxide in presence of tungstic acid sol. 
The substances used are phenol, o -, m-, and p- cresols, catechol, resorcinol, 
quinol, pyrogallol, guaiacol, carvacrol, thymol, phloroglucinol, a- and /i- 
liaphthols, thioglycollic acid, tyrosine and gallic acid. The amino-acids 
used ate glycine, alanine, leucine, aspartic acid, glutamic acid and 
tyrosine. I11 addition to these, the action of the following quinones, 
O' and />-quinones, a-naphthoquinoiie, ^-xyloquinone, pheiianthraquinone 
and aceiiaphthinequinone, on amino-acids without the addition of catalyst 
and H 2 t >21 is also studied- 


K Xl’EKJMENTA I.. 


All the substances taken were chemically pure. Conductivity water 
was ust*d in the preparation of all aqueous solutions. Either NajWO*, as 
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it is, or tungstic acid sol was used as catatyst. The sol was prepared by the 
addition of dilue HC1 to sodiuni tungstate by the usual method and its 
pH was about 5. Fresh solution of hydrogen peroxide was prepared from 
Merck s perhydrol. Amino-acids (Pfansteihl) were dissolved in phosphate 
buffer of p u 6 ' 5. The experiments were carried out in Pyrex conical flasks 
kept at room temperature about 25^. Preliminary experiments showed 
that 110 oxidation of the amino-acids occurs in the system amino-acid—sol 
—H 2 () 2 * Neither any ammonia nor any aldehyde could be detected even 
after 72 hours. Hut when a phenol was added to the above system, oxida¬ 
tion of the amino-acid took place. The reaction in the case* of glycine 
may be represented as 

CH«fNII*) COOH 1 (> = H CIim NH» + C() a . 

The formation of formaldehyde can Ik* easily detected by means of 
Sehryver's reagent, starting with suitable concentration (0*5 g.) of glycine 
in presence of ^-eresol. 

The reaction mixture consisting of phenol—catalyst—H 2 ( >2—amino-acid 
was allowed to stand at room temperature for a period of 24 hours. After 
that period the total quantity of ammonia in the whole of the reaction 
mixture was estimated by the method of White-horn as described in the 
oxidation of tyrosine. The amount of ammonia liberated is indicated by 
varying numl>er of + ive signs. A negative sign indicates the complete 
absence of ammonia, + sign signifies “ Ammonia easily detectable.** The 
results are given in Table I Stiiet control was kept for every experiment 
in which water was added in place of the solution of phenol. 


Taupe I. 


H 2 < ) 2 =45 nig. Na 2 W< >4 =o’oo 2M. Total volume- 25 c. c. 


Glycine* =*50 mg. 


Phenols used. Deamination. 


Phenol (20 mg.) 

4 - 

4 

o-Cresol (20 mg.) 

4 - 

4 

wi-Cresol (20 mg.) 

4 - 

4 

/>-Cresol (20 mg.) 

4 - 

4 4 

Catechol (50 mg.) 

4 - 

4 4 

Quinol ^50 mgA 

4 - 

4 - 

Resorcinol (50 mg.) 

+ 


Pvrogallol (50 mg.) 

+ 

4 - 4 - 

Phloroglueinol (100 mg.) 

— 

ve 

Guaiacol (50 mg.) 

Tyrosine in HCT hi ought 

4 * 

4- 

to a />H alxmt 4 with 
pu*e NaOII— (50 mg.) 


ve 


Phenols used* 
Carvnerol (100 mg.) 
dissolved in minimum 
quantity of alcohol 

Thymol (100 mg.) 
dissolved in minimum 
quantity of alcohol 
a-Naphthol (]<»<» mg ) 
dissolved in alcohol 


Deaminatic >n. 


f + 

4 4 


444 


0-Naphthol, saturate (1 

solution in IIjG (10 c c.) + ♦ + 

Gallic acid (100 mg.) 

in minimum quantity + 4 

of alcohol. 

Thiogh colli** acid fioo mg ) — ve 



&4 


Phenols Used. 

/>-Cresol (Ho mg.) 
Catechol (mo mg.) 


/K'resol ( 4 n mg.) 
CaUchol (n*> tug.) 


I. C. KAR 
TabMI I (con Id-). 

Alaninemg. 

iHramination. Phenols used. Deamination 

4 4 Quinol (ioo mg.) + 

4 Resorcinol (ioo mg.) ? 

Leucine - 70 mg. 

4 4 (Juinol (mo mg.) * 

4 Ktsorcinol (100 mg) ? 


Aspartic acid, saturated solution in phosphate buffer of pH 6*5-10 c.c. 

/»-Cresol (80 mg.) 4 4 Quinol (100 mg.) 4 

Catechol (100 mg.) 4 4 Resorcinol (100 nig.) Traces. 

Glutamic acid-saturated solution in phosphate buffer of 6*5= 10 c.c. 

/>-Ciesul (80 nig.) 444 Quinol (100 mg.) 4 4 

CaUchol (100 mg.) 4 4 Resorcinol (100 mg.) ■» 

Tyrosine dissolved in HC 1 adjusted to a pa alx>ut 4=iootng. 

//-Cresol (100 mg.) 4 

In TaMe IT is given the* action of various quinones on amino-acids in the 
absence of the sol and HoOg. The total quantity of ammonia liberated 
was estimated after 24 hours by the usual method. 


Table II. 

('*hcine*=5o mg. 

Quinones. Inanimation 

Qninolle prepared by the method of 

Willstttter and Muller 4 4 v 

^-Quinone sat s >ln. in Hj(> (10 c.c.) 4 4 4 

/»-XvKxiuinone sat. soln. in alcohol (10 c.c.) 444 

a-Nnphthocjuinone sat. solution in alcohol (10 c.c . 1 4 4 

Phcuanthraquinone sat. soln. in HjU (10 c. c. ) 44 

Acenaphthinc-quinone sat. soln. in alcohol (10 c.c.) 444 

Alanine, sat. soln. in phosphate buffer of pu 6*3 = 10 c c. 

o-Quinone 444 

^-Quinone 4 4 


Leucine, sat. soln. m phosphate buffer of pn 6 3 - 10 c.c. 


o-Qu»none 

/>-Quinone 


444 
4 4 
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The following quantitative exi>eriiiicnts were carried out by determin¬ 
ing the atnino-nitrogen content of the system by means of the macro-form 
of Van Slyke’s appratus. The amino-nitrogen was determined in a small 
sample (8 c.c.), at the !>eginning and after 24 hours Strict control was 
kept for every experiment in which the amino-acid was replaced by buffer and 
necessary correction was made to the initial and final volumes of ainiuo- 
nitrogen obtained. No diminution of NH 2 -N takes place in the system 
amino-acid—sol—even after 72 hours. The results are given 
in Table III. 


Tahi.k III. 


H 2 0 2 “ 120 mg. 

N a-tuugstate = 0*002 M . 

Temp. * 

25 . Total vol. =40 c.c. 

Phenols used. 

Amino acids. 

NII r 

0 hr. 

-N 

24 hrs. 

Loss of NHj-N. 

/>-cresol (0*196 g.) 

Glycine 

9*439 »"*?• 

8 368 mg. 

1 071 mg. 


Alanine 

9*384 

9-009 

0*375 


Leucine 

9 494 

8-6ii 

0-883 

Catechol (0*2 g.) 

Glycine 

9’494 

8-584 

0-91 


Alanine 

8*592 

8*270 

0-322 


Leucine 

T 979 

7.229 

o *75 

Resorcinol (0*2 g.) 

Glvcine 

9-231 

8-998 

0233 


Alanine 

8\S*2 

8045 

- 


Leucine 

7-818 

7 * 9 -\S 

— 

Ouinol (o*2 g. » 

Glycine 

9*139 

8*742 

0697 


Alanine 

9*022 

8-807 

0*215 


Leucine 

7979 

7*444 

°’535 

p- Quinone (sat. soln. Olvcine 

9*558 

8*116 

1442 

in HjO* 10 c.c.) 

Alanine 

9*314 

8285 

1-029 


Leucine 

8.989 

7743 

1-246 


Of the amino-acids, glycine, alanine and leucine, glycine is more readi¬ 
ly deaminised than leucine and leucine is more easily deaminised than 
alanine. The same observation was also made by Robinson and McCance 
(Biochem. 1925, 19 , 251). Of the phenols, pc resol, catechol, quinol, 
and resorcinol, />-cresol is most active, then come catechol, quinol and lastly 
resorcinol. 

From the above tables it is evident that the oxidative deamination of 
the amino-acids in the secondary system takes place in the presence of all 
phenols in the primary system. 
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The following experiments were carried out to show whether the 
phenols act as catalytic agents in the deamination of the amino-acids by 
hydrogen peroxide in the absence of the sol. The diminution of the 
NH$ — N content of the system amino-acid—phenol—H 2 0 2 was measured 
after 24 hours by keeping proper control. The results are given in 
Table IV. 

Table IV. 


H 2 (>2 = 

120 nig. Temp. 

= 30 . Total volume = 

40 c.c. 

Phenols used. 

Amituwidds. 

NHj-N in 8 e.c. 

0 hr. 24 hrs. 

Loss of NII.j-N 

p-Cres ol (0*196 g ) 

Cdvcine 

9*692 mg. 

0*692 mg. 

— 


Alanine 

9*326 

9*299 

— 


Leucine 

0*291 

9*238 

- 

Catechol (0*2 g.) 

Glvcine 

9-318 

9*210 

0-108 mg. 


Alanine 

9-040 

8-996 

— 


Leucine 

9 127 

0*154 

- 

Resorcinol (o-2g.) 

Glycine 

9*9603 

9*4248 

0*5355 


Alnnim 

0 J26 

0*533 

— 


Leucine 

9*529 

9-689 

— 

<Jninol (1 i'.-’jt 

Glvcine 

0*5854 

0-1248 

0-1600 


Alanim 

0*132 

0*132 

- 


Leucine 

9*430 

0 ‘ 3 ,s 5 

- 


I) 1 s c r s s 1 o n. 


< >11 tlie basis of the experimental results in the oxidation of the amino- 
acids by the system phenol—tungstic acid—II 2 < > 2 , the deamination of the 
amino-acids can be explained by the following mechanism of reaction. 

Tlie deamination of the amino-acids does not occur by sol and hydrogen 
peroxide but w lien a phenol is added, oxidation takes place. As phenols 
are all oxidised by sol and H$( ) 2 , so phenol itself or some oxidation product 
of phenol is responsible for the deamination, or the oxidation of the amino- 
acids is an induced reaction by the primary system phenol—sol—H 2 ( ) 2 . 
It has l>een observed that though />-cresol is most active in causing deami¬ 
nation of the amino-acids in the secondary system, it does not catalyse the 
oxidation of atnino-acids by means of hydrogen i>eroxide. In the case of 
catechol and quinol slight amount of ammonia is produced only with glycine 
(vide. Table IV). This slight deamination is probably due to the formation 



Should the deamination be due to some oxidation product of resorcinol, 
the amount of deamination v\ould be reverse to that actually observed. 

Now in Table I, wc have used a great numlier of phenolic substances 
which are likely to produce different quinones and have found that they all 
cause the deamination of amino-acids. Tyrosine is, how evet, peculiar in 
this respect. It is neither deaminised itself during the first few* stages of 
oxidation, as shown in the previous paper, noi cause any external deamina¬ 
tion of amino-acids The mechanism of the oxidation of tyrosine by tyro¬ 
sinase has been extensively studied by Rapei and his school and the absence 
of deamination has been explained (cf. Kar, J. Indian (hem. Soc , IQ37, 
14 , 27ih Tyrosine is deaminised slightly by the system />-ciesol—sol—llat ) 2 , 
when it is used as an external ammo-acid. Schwei/er (Bioclum. IQ17, 
78 , 37) also could detect small quantities of ammonia with Kessler’s reagent 
after tyrosine had been acted upon by tyrosinase in presence of />-cresol. 

In Table II, the action of different quinones on amino-acids are studied 
and it has been found that they all cause deamination in the absence of sol 
and hydrogen peroxide. 

If the oxidation of the amino-acids be an induced reaction by the 
primary system, phenol-sol-H 2 ( >2, the systems tyrosinc*-sol-Hg( ) 2 , and 
thioglycollic acid-sol-Ha* >2 > would also cause deamination. With both the 
systems no trace of ammonia could lie detected. 

B rom the abbvc facts we can draw the conclusion that the deamina¬ 
tion of the amino-acids is not due to the formation of orlho -quinone alone 
in the primary system but due to the formation of all quinones. The amino- 
acids do not play any active part as Robinson and McCancc supposed 
(tec. ci’/.). 

The author wishes to express his indebtedness to Prof J. C. (Ihosh for 
his unfailing interest and encouragement and for facilities offered. 

Chkmicu Laboratory, Received March 31, 1^7. 

Dacca I t \i\tksity, Dacca 
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The following experiments were carried out to show whether the 
phenols act as catalytic agents in the deamination of the amino-acids by 
hydrogen peroxide in the absence of the sol. The diminution of the 
XHjj-X content of the system amino-acid—phenol—H 2 <>.> was measured 
after 24 hours by keeping proper control. The results are given in 
Table IV. 

Tahi.k IV. 

Iljjt ) 2 = 120 mg- Temp. = 30 . Total volume —40 c.c. 

Phenols used 

/»-Cresol (0*196 g ) 

Catechol (0 2 g.) 

Resorcinol (<>-2g.) 


(JllilUt) (n'.’g 


Amino-acids 

NIIj-N in 8 e.e 

0 hr. 24 hrs. 

Loss of NIL-N 

(ilvcine 

1/692 mg. 

9*692 nig. 

— 

Alnninc 

9326 

9’2yo 

- 

Leucine 

9-291 

9*238 

— 

(ilvcinc 

9 - 31 * 

9*210 

0-108 mg 

Alanine 

yO 40 

8-90^ 

— 

Leucine 

0 127 

Q*i54 

- 

Olvoinc 

9 ,( A >3 

9 * 424 * 

°-5355 

Alatiim 

9*426 

9*533 

— 

Leucine 

9\S29 

9-689 

— 

Oh cine 

6 * 5*51 

0-1248 

<>•1606 

Alanim 

9*132 

0-132 

- 

Leucine 

o *439 

9*3*5 

- 

1) I s C r 

S S I n N. 




* )n the basis of the experimental results in the oxidation of the amino- 
acids by the system phenol—tungstic acid—H*<) 2> the deamination of the 
amino-acids can be explained by the billowing mechanism of reaction. 

The deamination of the amino-acids does not occur by sol and hydrogen 
peroxide but when a phenol is added, oxidation takes place. As phenols 
are all oxidised by sol and Hit > 2 , so phenol itself or some oxidation product 
of phenol is responsible for the deamination, or the oxidation of the amino- 
acids is an induced reaction by the primary system phenol—sol—H 2 (> 2 . 
It has been observed that though />-cresol is most active in causing deami¬ 
nation of the amino-acids in the secondary system, it does not catalyse the 
oxidation of amino-acids by means of hydrogen peroxide. In the case of 
catechol and quinol slight amount of ammonia is produced only with glycine 
(ride. Table IV). This slight deamination is probably due to the formation 
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of the corresponding quinones by means of hydrogen peroxide, while its 
absence with p- cresol is due to the fact that it is not attacked by hydrogen 
peroxide alone. The facts with resorcinol are somewhat different. A 
greater amount of deamination of glycine occurs by means of hydrogen 
peroxide in presence of resorcinol alone than it does by the system resorci¬ 
nol—sol—H 2 () 2 (vide, Tables III and IV). So it is obvious that in the deami¬ 
nation of glycine by hydrogen peroxide, resorcinol itself acts catalytically. 
Should the deamination be due to some oxidation product of resorcinol, 
the amount of deamination would be reverse to that actually observed. 

Now in Table I, we have used a great mini tier of phenolic substances 
which are likely to produce different quinones and have found that they all 
cause the deamination of amino-acids. Tyrosine is, however, peculiar in 
this respect. It is neither deatninised itself during the first few stages of 
oxidation, as shown in the previous paper, nor cause any external deamina¬ 
tion of amino-acids The mechanism of the oxidation of tyrosine by tyro¬ 
sinase has been extensively studied by Raper and his school and the absence 
of deamination has been explained (c/. Kar, /. Indian C hem. Soc , 1037, 
14 , 271b Tyrosine isdeaminised slightly by the system /’-cresol—sol—II 2 < >2, 
when it is used as an external amino-acid. Schweizer {Biochctn. 1917, 
78 , 37) also could detect small quantities of ammonia with Kessler’s reagent 
after tyrosine had been acted upon by tyrosinase in presence of />-cresol. 

In Table II, the action of different quinones on amino-acids are studied 
and it has tieeii found that they all cause* deamination in the absence of sol 
and hydrogen peroxide. 

If the oxidation of the amino-acids be an induced reaction by the 
primary system, phenol-sol-H 2 () 2 , the systems tyrosine-sol-H 2 ( > 2 , and 
thioglycollic acid-sol-H 2 ( ) 2 , would also cause deamination. With both the 
systems no trace of ammonia could be detected. 

B rom the abbve facts we can draw the conclusion that the deamina¬ 
tion of the amino-acids is not due to the formation of or/Jm-quinone alone 
in the primary system but due to the formation of all quinones. The amino- 
acids do not play any active part as Robinson and McCancc supposed 
{loc. cit.). 

The author wishes to express his indebtedness to Prof. J. C. Ghosh for 
his unfailing interest and encouragement and for facilities offered. 

ChjiMicu. Laboratory, Received March 31, 1937. 

Dacca I t \ivfrsity, Dacca 
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STUDIES IN THE COAGULATION OF COLLOIDS. PART XVIII. 
THE " ZONAL EFFECT ” AND ANTINORMAL CHANGE 
OF OPACITY DURING THE SLOW COAGULATION 
OF COLLOID MANGANESE DIOXIDE. 

By Shridhar Sarvottam Joshi and P V. Jagannatha Rao. 

In Part XIII of this series (Joshi and S. J. Rao, ]. Indian Chon . Soc , 9 
i €>36, 13, 311) the obervation was recorded, it would appear for the first 
time in the field of coagulation kinetics, that during the sioiv electrolytic 
coagulation of colloid Mn().,, the intensity of light transmitted (measured 
by means of a sensitive thermopile and Broca galvanometer) diminished 
4 zonal]y ’, that is, through discontinuities with respect to the coagulation 
time. Further evidence in this line was obtained by colorimetric measure¬ 
ments oi the coagulation of the same sol using mercurous sulphate as the 
coagulant (Joshi and Purushottam, Cuirent Science , 1936,4, 870). In view 
of the obvious bearing of thcsj results on the current theories of the mecha¬ 
nism of coagulation and of its kinetics, it was considered desirable to study 
this ellcct in more detail. 


K X 1* Ii K I M K N T A I, 

Colloid manganese dioxide was prepared and its colloid content deter¬ 
mined as descrilied in an eatlier paper (Joshi and Rao, J. Indian t hem. Soc., 
1036, 13 s 2 17). The last quantity was 15 g. of MnO» per litre in the coagula¬ 
ting mixture. The concentrations of the coagulants employed, v ic., solu¬ 
tions of different strengths of acetic acid (Fig. 1,2), potassium chloride 
(Fig. 3, 4) and barium chloride (Fig. 5) are expressed in millimols per 
litre (mm.), also in the mixture , The opacity was determined by means of 
a Duboscq colorimeter as described previously (Joshi and Kulkarni, ibid., 
1036,13,441). The variations of opacity during these coagulations are 
show n graphically in Figs. 1-5; these are selected as typical out of a greater 
number of curves actually studied, where different origins are employed to 
prevent overlapping of curves and for economy of space, the appropriate 
scale units are indicated in the corresponding parts of the diagrams. 
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Fie. 1. 



40 6o So UK) 

/ tun (tut i ) 


1) ] S C V S S 1 o N. 

From the very beginning of observation of the coagulation phenomena 
an increase of opacity (turbidity) has been taken by colloid rliemiM* to be in 
general an index of coagulation. Indeed, this assumption is lae.tly implied 
in numerous quantitative investigations of the kinetics of coagulation < Hi. 
results disclose now a remarkable restriction in the generality of the correct- 
ness of the above assumption. It is seen that there is the familiar overall 
increase of opacity during the early stages of coagulation, except when the 
two lowest concentrations of KC 1 were employed (r/. curves i, 2 , Fig. t); 
in these latter coagulations, contrary to the usual experience, the opacity has 
diminished. It is also interesting to observe that a diminution of opacity is 
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produced subsequent to the initial phase of coagulation which latter is 
characterised by the familiar rise of opacity. It must be pointed out here 
that as is customary in these kinetic measurements, the opacity observations 
were discontinued as soon as the coagulating mixture showed the least 
sensible production of any optical heterogeneities due to the coaguluin. An 


Fig. 2. 

<» io 3<> 4° 



Time (twin.) 

increase of the particle-size due to micellar coalescence is the chief, if not 
the only, process constituting coagulation. To this, chiefly, is to be ascribed 
the familiar rise of opacity of a colloid; other factors also contribute to the 
effect, viz., increase of opacity, such as the nature of the micellar surface, 
their average effective shai>e, number |>er unit volume, the characteristic 
optical absorption of the disiiersed material and that constituting the conti¬ 
nuous medium; their refractivities, optical densities and states of hydration; 
and lastly, perhaps the electrical cliarge. These cannot be determined 
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directly to any thing like a satisfactory accuracy. Consequently, except 
perhaps in the case of a few monodisperse sols, the theory of the optics of a 
colloid even in the pure state is still largely in an uncertain state, despite 
notable contributions in the line (for references, cf. Joshi and Sarkar, 
loc. cit.). Reference may, however, be made to two deductions of fairly 
general applicability due to (i) Rayleigh (Phil Mag., 1871, 4,107, 274, 
447 ) find (ii) Tolinan (cf. W are, “ Chemistry of the Colloidal State ” 
2nd Ed., 1036, New York, p. qq). They have obtained lespectively, 
the following expressions for 7 , the opacity of a colloid of strength c in g. 
per unit volume : 

I = k.c.d* .for small particles ... ... (i) 

1 = &i .cjd .for laigc particles ... ... (ii) 

k and k\ are proportional constants and d , the micellar diameter. It follows 
from these equations that for a given constant mass of the colloid in two 
solutions, 7 , the opacity will increase with an increase of d for small particles 
in other systems. With large d, I will diminish by increase in d . The results 
of Bechhold and Hebber (Kolloid /., 1922, 31 , 70) on the opacities of differ¬ 
ently sized suspensions of barium sulphate show that 7 increases progrcsss- 
lvely with increase of d over a certain range, viz., 2‘5 to 800 /xyu ; thereafter, 
I diminishes for further increase in d. 

Ei(i. 3. 



o 10 20 30 40 50 60 70 |8o 90 lot) 120 

Time (min.). 
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(>ur results showing an intial rise and a subsequent fall in opacity 
during coagulation can, therefore, be, in part , ascribed to a progressive 
increase of the micellar size during coagulation. That some additional 
factors are involved is shown by the fact when the smallest concentrations 
of KC 1 were used (curves i, 2, Fig. 3) there is instead of a rise of opacity, a 
diminution . On the above considerations, this might suggest perhaps a 
decrease of the particle-size. This last is by no means unlikely. Consider¬ 
able evidence is available in the literature that addition of very small 

amounts of coagulants to a colloid usually imparts an increase in stability, 

apparently suggestive of a diminution of size. It is, however, not unlikely 
that this result might also be derived from adsorption of ions carrying a like 
charge or of the neutral molecules, or what is more likely, of both. It might 
also come about by diminished hydration. It was emphasised in an earlier 
paper (Joslii and Kulkarni, /. Indian Chem. Soc., 1936, 13 , 439) that 

the opacity of a colloid might be, in part , more than a merely micellar 

piopcrty; it might aho aiise by a macroscopic , bulk effect of the system as a 
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whole , that is, by the continuous medium and the dispersed material acting 
together in a common net-work or a body effect. It was observed that sitch 
a postulate was necessary from a consideiation of tlu* viscous behaviour of 
colloids ( loc . cit .). This gives an additional meaning to the factor of 
micellar hydration, which is seen to be variable during coagulation. Obser¬ 
vation of characteristic facts is needed for suggesting the lines for a theoreti¬ 
cal elucidation of the working of the above factors. As such, our result 
that besides the familiar phase, during which opacity increases by coagu¬ 
lation, there is another, characterised by a decrease of this quantity, is 
interesting. 

Another remarkable feature of the foregoing opacity-time curves is that 
not only the familiar increase of opacity during coagulation, but also its 
reverse during the latter stage is not time-continuous but zonal. By con¬ 
sidering the series of curves foi different concentrations of a given coagulant 


Fig. 5. 
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(cf. especially Figs i, 2 and 3, 4), it is seen that this zonal effect (as 
indicated by the number of discontinuities in a given section of the coagu¬ 
lation-time curve) is leduced by using very high and very low concentrations 
of the electrolyte. It is maximum for moderate values. This is fully in 
agreement with numerous results on the refractometric observations from 
these laboratories on the zonal effect during various coagulations (Joshi and 
S. J. Rao, / Indian Cliem. Soc., 1936, 13 , 141; Joshi and Panikkar, ibid., 
1936, 13 , 309; Joshi and N. H. Rao, ibid., 1936, 13 , 775; Joshi and T. M. 
Meuon, ibid., 1937, 14 , 103 ; Joshi and Sarkar, /. Bombay Unix., 

1Q35, 4 , 140 ; Joshi and S. J. Rao, Kolloid Z., 1936, 76 , 145 ; 

Fetlchem . Vmsch., 1936, 3 , 36). The earlier results 011 viscosity changes 
during numerous slow coagulations, from these laboratories have also 
suggested in the main the same conclusion, that is, discontinuities on visco¬ 
sity—time curves are least conspicuous during very rapid and very slow co¬ 
agulations (Joshi and Viswanath, J. Indian Cliem. Soc., 1933, 10 , 329; Joshi 
and Menon, ibid, 1933, 10 , 5911; Joshi and Nanjappa, ibid, 1934* H» 133; 
Joshi and Iyengar, ibid, 1934, 555, 573; Joshi and Panikkar, ibid., 1934. 

11 , 797; also, J. chim. Bhys., 1935,32, 455; Pwc. Acad. Sci. V.l\, 1935, 
5 , 41) 


S V M M A R Y 

Results are given for the variation of L the opacity (determined colori- 
metrically) of colloid Mn<) 2 when coagulated by differently concentrated 
solutions of CH*C< )OH, KC 1 and BaClg- The opacity—time curves show 
two sections. In the first section J increases with time; in the second, the 
opposite. The last was also observed v\hen but small quantities of the 
coagulators were employed. Furthermore, during both the stages when 7 
showed the familiar increase or otherwise, the change was time-disconti¬ 
nuous or 4 zonal A In agreement with earlier findings from these labora¬ 
tories,* 4 zonal effect * was most pronounced for medium concentrations of the 
coagulant. 

CHKMICA*. BMIORVroKIKS, 

HlNl>r rsiVKRSITV, 
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Prof. Panna Lai,. 

Born 1890. Died i6th March, 1937. 

The Indian Chemical Society has sustained a great loss in the recent 
death of Prof. Panna Lai who joined the Society as a Fellow in 1926. 
He was born at Benares in the year 1890, and received his early education 
at the Central Hindu School of Benares He obtained the B.Sc. degree 
from the Central Hindu College and the M.Sc. degree in chemistry from the 
Muir Central College, Allahabad. Soon afterw ards he was appointed as a 
demonstrator in chemistry at St. John s College, Agra. He joined the Patna 
College as a teacher of chemistry in 191b. He was transferred to the 
Science College, Patna, when that institution was created in 1927. He 
held the post of an Assistant Professor of chemistry at the time of his 
death. 

Professor Panna Lai was a man of great personal attraction. He was 
simple in his habits and amiable in disposition. As a teacher he was loved 
and respected by his students and colleagues. 

Below is given an account of the lesearch work published by Prof. 
Panna Lai : 

1. Panna Lai and N. C. Nag—On the estimation of alcohol in spiii- 
tuous liquors (]• Soc. t hem, hid., 1918, 87 , 290). 

2. Panna Lai and P. B. Ganguli—Studies on the tiled of ultia-v inlet 

light on colloids. Part 1 . (J. Indian Client . Soc., 1929, 6, 547). 

3. Studies on the effect of ultra-violet light on colloids. Part II. 
(ibid., 1930, 7 , 573). 

4. Photochemical reduction of ferric salts of organic acids (Z. anoig. 
Chem-, 1936, 229 . i6),- 


I’. B. G. 




STUDIES IN ORGANO ARSENIC COMPOUNDS. PART VI. 
SYNTHESIS OF I -CHLOROARSINDOLE FROM 
CINNAMIC ACID. 


By Hirrndra Nath Das-Gupta. 


The present investigation is an attempt to synthesise i-chloroarsindole 
by the conversion of o-ammocinnamic acid and its ethyl ester into the 
corresponding arsonic acid which may then be transformed into arsindole 
by Fischer's method. o-Aniinocinnamic acid by Bart's reaction gave 
a tri-derivative (cf, Goswami and Das-Gupta, ]. Indian Lhont> Soc., 
i 93 ti 417) which could not be converted into the corresponding 
indole derivative under usual conditions, fcthyl o-aminocinnamate, 
however, gave a primary arsonic acid (I) in good yield which can be easily 
hydrolysed to cinnamic-o-arsonic acid (II), but the latter does not 
give arsindole by Fischer's method. In acetic acid solution (II) 
reacts with hydrogen bromide to give ^-bromohydrocinnamic-o*arsonic 
acid (III). When treated with dilute sodium carbonate the arsonic acid is 
converted into styrolene-o-arsonic acid (IV) ( cf . Basler, Bar., 1884, 17 , 556, 
1494). Reduction of the styrolene compound with sulphur dioxide in 
hydrochloric acid solution gives styrolene-o-arsenious chloride (V), which 
by Friedel-Crafts' reaction gives i-chloroarsindole (VI), identified by the 
formation of mercuric chloride double compound and the picrate and also 
mixed m.p. with a sample prepared from £-chlorovinylphenylchloro* 
arsine (Das-Gupta, /. Indian Chetn. See., 1937# 1 ®» 349 ^ 


j^NH, 
l Jrw-rrrr 


/\AsO(OH) % 


/\vsO(OH), 


l^/CH=CH' CO g Et—»■ l s ^H=CHCU 2 Et 




H=CHC(),H 


(I) (II) 

a sO(OH)g / N |A»C1 2 

h-ch 8 *co*h-> ‘ \/ CH=CH * 


Br 
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AsCl 


a) 

(VI) 


(V) 
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Experimental. 

tris-o-(fi-CarboxyvinyI)-phenylarsenic Oxide or tris-Cinnamic-o-arsenic 
Oxide, (CcHi'CH^CH'COOH)sAsO—The diazo solution from o-amino 
cinnamic add (5 g.) was added gradually to a well cooled and mechanically 
stirred mixture of sodium carbonate (12 g.), arsenious acid (4 g.), copper 
sulphate (15 g.l and water (40 c. c.). The resulting dark brown solution 
was filtered, concentrated to a low bulk, cooled and filtered again. The 
filtrate was just acidified with hydrochloric acid and the predpitated dark 
brown solid was purified from alcohol as yellow amorphous solid not melting 
upto30o°. [Found: C,6o‘x; H, 3 “6; As, 138 C27H31O7AS requires 
C, 60*9; H, 3*9; As, 14*3 per cent). 

o-(P-Carbethoxyvinyl) phenylarsonic Acid (I).—To mechanically stirred 
and cooled solution of anhydrous sodium carbonate (75 g.), arsenious 
oxide (30 g.), copjier sulphate fig.) and water (150 c c), the diazo 
solution prepared from o aminocinnamic ester (15 g.), hydrochloric acid 
(24 c.c ), water (50 c.c.) and sodium nitrite (9 g.) was added. Too 
much frothing occurred but this was controlled by increasing the 
sfieed of rotation of the stirrer. The solution was stirred for 1 hour more 
and allowed to remain overnight, filtered and one third of the filtrate was 
taken and the acid was precipitated by concentrated hydrochloric acid avoid¬ 
ing excess. The precipitated dull yellow solid was separated, dried, and then 
purified three times from methyl alcohol and ether. It is a brownish yellow 
product sintering at 175 0 but not melting up to 360°. [Found: C, 43*8; 
H, 4*1; As, 25*2. ChH<* 0 *As requires C, 44 o; H, 4 3; As, 25*0 per cent]. 

oAP-Carboxyvinyl)-phenylatsonic Acid (II).— The remaining filtrate 
from the above procedure was first heated under reflux to hydrolyse 
the ester and then concentrated to a low bulk, cooled and filtered. 
The filtrate on acidification gave a dull yellow mass. This was 
crystallised from methyl alcohol and ether as golden yellow amorphous 
powder, m.p. 205-6*. The acid is readily soluble in alcohol, acetic acid, 
and hot nitrobenzene, moderately soluble in w ater and chloroform and 
insoluble in benzene, ether, carbon disulphide and carbon tetrachloride. 
(Found: C, 39 8; H, a’g; As, 27*4. CoHoOaAs requires C, 39*7; H, 3*3; 
As 27’5 per cent.). 

ft-Bromohydrocinnanuc-o-arsonic Acid (III)—o-(fl-Carboxyvinyl)- 
phetiylarsonic acid (7 g.) and glacial acetic acid (50 c.c.), saturated 
at o° w ith anhydrous hydrogen bromide, were heated in a sealed tube 
at too* for i hour and the pressure released at once with a view to 
prevent the action of excess of hydrogen bromide on the addition 
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product. The reaction mixture was heated for io minutes on a water* 
bath and diluted with water in the cold ; the yellow product separating 
was taken up in chloroform, filtered and precipitated by ether. It was 
then crystallised from dilute acetic acid as a yellow compound, m.p. 
185°. (Pound: Br, 21*9; As, ai'2. C n H|oO fl BrAs requires Br, aa‘6; As, 
21*2 per cent). It is soluble in alcohol, chloroform and acetic acid ; 
sparingly soluble in benzene, carbon disulphide, and insoluble in ether 
and carbon tetrachloride. 

Styrolene-o-arsontc Acid (IV).—/ 3 -Bromohydrocinnamic-o-arsouic acid 
was heated under reflux with a solution of sodium carbonate (5% 
excess of theoretical quantity) for 1 hour, filtered and then acidified 
after cooling. A yellow precipitate was obtained which was crystallised 
from alcohol as a yellow powder, m.p. 150". (Pound: C, 4i'8; H, 3*8; 
As, 32‘7. C 8 Ho 0 3 As requires C, 4a'i; H, 39; As, 3a'8 per cent). 

Styrolcne-o-arsentous Chloride (V).—Syrolene-o-arsonic acid was 
dissolved in alcohol and excess of concentrated hydrochloric acid was 
added. The solution was first warmed and then saturated with sulphur 
dioxide for i hour in the presence of a crystal of potassium iodide. 
The major portion of the alcohol was removed and the residue dried on 
a porous plate and then crystallised from carbon disulphide as a yellow 
amorphous powder, m.p. 55°. (Found: C, 38’a; H, a'6; Cl, a8'4; As, 
3o'i. CgHjCljAs requires C, 38'5; H, a‘8; Cl, a8‘5 ;As, 3o'i per cent). 

i-Chloroarsindole (VI).—Styrolene-o-arsenious chloride (7 g.) and anhy¬ 
drous aluminium chloride (3 g.) in absolute carbon disulphide (300 c.c.) were 
heated under reflux. The heating was continued for about 5 hours. 
The mass was decomposed by ice-cold dilute hydrochloric acid and ex¬ 
tracted several times with carbon disulphide. The extract was of brown 
colour and contained a brownish violet solid giving fluorescence in alcohol. 
It was filtered and the solvent evaporated of! in an inert atmosphere. 
The residual brown oil, having a very painful penetrating odour was 
distilled in vacuo at 125-30°/5 mm. The colour of the yelio-v oil 
became dark on keeping. The mercuric chloride addition product of its 
methyl derivative melted at 151" and was found to be identical with 
hat described before (Das-Gupta, loc. cit.). (Found ; Cl, 16 5 ; As, 35' 1. 
CgH«ClAs requires Cl, X67 As, 35*2 per cent). 

My grateful thanks are due to Dr. M. N. Goswami and to Mr. B. C. 
Ray for their keen interest throughout this investigation. 

DVMtnaxr or Amiud Chuhstby, 

tTxxvnsnry Causes or Sense* Received March 31,1937. 

awd Tschmolocy, Guam*. 



STUDIES IN ORGANO-ARSENIC COMPOUNDS. PART VII. 
SYNTHESIS OF ARSINDOLE DERIVATIVES. 

By HirbndraNath Das-Gupta. 

Tlie present communication deals with the various attempts to prepare 
arsindole derivatives from «-broraostyrene. The principal aim was to 
prepare a primary arsine like 0-phenylvinyldichloroarsine which would 
produce arsindole derivatives by the application of the Fnedel-Crafts’ 
reaction ( cf . Burrows and Turner, J Chem Soc ., 1921, 119 , 430). 

The suitable intermediate compound for the preparation of 0 -phenyl- 
vtnyldichloroarsine from w-bromostyrene is either the arsonic acid, 
or a mercury derivative of the tyi>e [(Ph CH^CKOaHg]. The yield 
of the arsonic acid from the styrene by Meyer’s reaction (Bet , 1883, 16 , 
1440) is very poor, due probably to the remarkable stability of the w-bromo- 
styrene 111 alkaline solution and its tendency to produce phenylacetylene and 
ethoxyphcnylethane in alcoholic caustic alkali Attempts at converting 
the sodium salt of the arsenic acid to the corresixmdiug dihalide proved 
futile as it readily undergoes decomposition m acid medium giving 
araenious acid. This behaviour is found to Ik? analogous to that of benzyl- 
arsonic acid with hydrochloric acid. 

The mercury derivative of styrene has been prepared by the two well 
known methods, vtz. t ( i ) sodium amalgam method and (it) by reacting the 
bromide with metallic sodium and mercuric chloride The yield by the 
former process is very poor, whilst the latter method gives a better yield of 
meicury distyrene and a small quantity of styrene-mercuric bromide 
Mercury distyrene when treated with arsenic trichloride yielded not the 
dihalogen derivative but mercuric chloride and non-arsenated derivative. 

Burrows and Turner (loc at ) have been able to isolate 
Ph(MeM*I by simply allowing phenyldichloroarsine in alcohol to react 
with methyl iodide and sodium hydroxide. The reaction product after 
acidification with hydrochloric and and saturation with sulphur dioxide 
gave the arsine. 

m Bromostyrene when treated with alcoholic phenyldichlorosrsine in 
presence of alkali (cf Burrows and Turner, loc. ctt.) gave a small yield 
of the impure bromoarsme, which during purification by distillation under 
reduced pressure gave a yellow viscous mass identified to be i-phenylars* 
indole. 
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All attempts in the above directions having proved unsuccessful atten¬ 
tion was directed towards the preparation of different arsines from u-bromo* 
styrene by the adoption of the methods applicable to aromatic halides. 

(t) ui'Bromostyrene was subjected to Fittig’s reaction and a tertiary 
arsine was obtained along with small quantities of both primary and 
secondary arsines. The tertiary arsine on treatment with excess of arsenic 
trichloride at a high temperature (cf. Michaelis and Rees, Ber. t 1882, IS, 
2876) gave i-chloroarsindole through the intermediate unstable compound, 
PhCH-CHAsCl*. 

3PhCH : CHBr + 6Na+AsCl.*—MPliCH : CH) a As + 6 NaCl 

(PhCH : CH) 3 As+2AsCl 8 ->3PbCH : CHAsCl*-* 

(unstable 


As Cl 



(it) /S-Phenylvinyldimethylarsine (PhCH^CHAsMeg) was prepared 
from w-bromostyrene and cacodyl bromide. The arsine was treated with 
chlorine to get the quinquevalent compound which was decomposed by 
heat. In this case also the reaction product was not a compound of the 
type PhCH -CHAs(Cl) Me but the ring-closure took place with the 
formation of i-methylarsindole thus :— 


Ph CH =CHBr +• zNa 4 - IirAsMe 2 -*PhCH -CH*AsMe a + 2NaBr 


Ph CH^CHAaMe* 


C1 2 


■Ph CH=CH AsMe*Cl* 

f 

heat 

1 -► Ph CH=CH’As (Cl)Me 


'unstable) 


AsMe 


(u't) The Griguard reaction is also available for the preparation of 
tertiary arsines, bat by this method both the primary and secondary 
anints are formed in appreciable quantities along with other by-producta 
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The Grignard reagent fiom w-broraostyrene was treated with cacodyl bro¬ 
mide and as expected, a poor yield of 0-phenylvinyldimethylarsine was 
obtained along with styrolene, x:4-diphenylbutadiene, etc. In a similar 
way phenylmethyliodoarsine was allowed to react with the magnesium 
compound from «*-bromostyrene but in this case no reaction took place, the 
arsine distilled over unchanged and 14-diphenylbutadiene could only be 
isolated. 


Experimental. 

fcPhenylvinylarsonic Acid ,.—A solution of cu-bromostyrene (12 g.) 
in alcohol was added to an alcoholic solution of sodium arsenite 
(30 g. of arsenious acid in 40 g of sodium hydroxide) and after 
standing for 24 hours the whole was heated under leflux with constant 
stirring for 48 hours. The oily layer was extracted with ether 
and the turbid aqueous layer was diluted with alcohol and 
allowed to stand overnight. The crystalline solid separating was filtered 
off, dissolved m water and reprecipitatcd by alcohol as needle-shaped ciystals, 
yield of the sodium salt being 3 5 g. (Found As, 26 9. C 8 H 7 Q 3 As Na 2 
requires As, 27*5 per cent). The alkaline mother liquor was neutralised 
with glacial acetic acid, filtered from the precipitated solids and the filtrate 
treated with a saturated solution of barium chloride and kept overnight. 
The precipitated barium salt (1 g ) crystallised from hot water. The free 
acid was isolated by treating the aqueous alcoholic solution of the sodium 
salt with the theoretical quantity of dilute hydrochloric acid and by frac¬ 
tional crystallisation. 

Mercury Dtstyrenc [(Ph CH -*CH) 2 Hg].—(t) A mixture of w-bromo- 
styrene (18 g.), mercuric chloride (28 g ), sodium (5 g.) and dry benzene 
(60 c.c.) was kept overnight at room temperature. It was then heated under 
reflux 011 a water-bath for 8 hours and extracted several times with chloro¬ 
form and the combined extracts precipitated with ether. The yellow 
precipitate was crystallised from chloroform, m.p. 150°. It is soluble 
in chloroform, acetone, sparingly soluble in benzene. It is not acted on 
by dilute alkali even on boiling. (Found Hg, 49 3, 4918. C JC H M Hg 
requires Hg, 49*2 per cent). 

(it) A mixture of w-bromostyrene (10 g.), sodium amalgam (7*5%, 40 g.) 
and dry xylene (30 c.c.) and ethyl acetate, distilled over phosphorus pentox- 
lde (5 c.c.), was heated under reflux for 7 hours at 140°. The reaction product 
was separated from the metallic mercury and the solvent evaporated off and 
the unchanged styrene was removed at iao°/3 nmi. The residue was 
washed with excess of ether and finally extracted with chloroform. From 
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the chloroform extract the mercury derivative was isolated as above, m.p. 
and mixed m.p. 150°. (Found : Hg, 49*09. CieHuHg requires Hg, 
49*2 per cent). 

Styrolene-mercuric Bromide .—The solid left after extraction with 
chloroform in the above process was washed with excess of alcohol and 
then with water and the residue was dried in vacuo . It is insoluble in 
the common organic solvents and gives a black precipitate with pyridine. 
It does not meltup to 330°. (Found: Hg, 51*9. CgHyBrHg requires Hg, 
52*2 percent). 


Fittig's Reaction with u>-Bromostyrcnc. 

tris-P-Phenylvinylarsine f(Ph CH - CH)* As].—Sodium (10*5 g.) in 
the form of wire was taken in a round-bottomed flask provided with an 
upright condenser and a dropping funnel and allowed to remain for 1 hour 
in dry benzene (100 c.c.) containing 3 c.c. of ethyl acetate. A mixture of 
w-bromostyrene (42 g.) and arsenious chloride (18 g.) was introduced into 
it. In about 20 minutes the reaction became vigorous and the reaction 
was controlled by alternately immersing the flask in ice-cold water and 
water at ordinary temperature and finally it was heated on a water-bath for 
1 hour more and allowed to stand for 12 hours. The resulting brown 
viscous mass was repeatedly extracted with benzene and the solvent evapora* 
ted off under reduced pressure. The excess of styrene was distilled at 
89-90°/3 mm. The product in the distilling flask solidified to a hard 
mass on cooling which was dissolved in hot benzene and the solution on 
concentration gave crystals of arsine, which were recrystallised from methyl 
alcohol in needle-shaped crystals, m.p. 82°. It is extremely soluble in 
benzene, toluene, carbon disulphide; soluble in ether, carbon tetrachloride, 
nitrobenzene, ethyl acetate and is soluble in hot acetic acid, methyl and 
ethyl alcohol; picrate, m.p. ioo°. (Found : C, 74*6 ; H, 5*2 ; As, 19*2. 
C24H81 As requires C, 75 ° i H, 5*4 ; As, 19*5 per cent). 

P-Phenylvinyldimethylarsine, [Ph CH = CH'AsMe* ] was prepared 
in a similar way as the previous compound starting from «a-bromo* 
styrene (36 g.), sodium (9*2 g ), cacodyl bromide (86 g),-dry benzene 
(200 c.c.) and ethyl acetate (3 c.c.). The reaction was not so vigorous as 
the previous one and no cooling was necessary and the reaction 
was completed by heating the mixture for 5 hours on a water-bath. The 
reaction product was extracted with ether, solvent evaporated off and the 
viacous oil vvaa distilled at 125-35°/5 mm* It is s yellow oil possessing an 
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offensive odour. (Pound : C, 57’ 1 ; H. 5*9; As, 35*9* CioHuAs requires 
C, 57'6; H, 6 a ; As, 3605 per cent). 

Grignari Reaction with <*-Bromostyrene. —w-Bromostyrene (9 g.) 
reacted with magnesium (x'ag.) in dry ether (100 c.c.) in presence of 
methyl iodide and a crystal of iodine. The last trace of magnesium was 
dissolved by heating the whole for 1 hour on a water-bath. Cacodyl 
bromide (9 g.) in ether (30 c.c.) was added drop by drop. After the 
addition was complete the reaction product was heated on a water-bath for 
3 hours. After decomposition by cold dilute hydrochloric add, the ethereal 
layer was removed and the aqueous layer extracted several times with 
ether. On evaporation of the solvent an oil was obtained which on 
fractionation gave (»') up to 65"/5mm., mainly cacodyl bromide, (it) and an 
oil at 125-14o 0 /5 mm. The solid residue in the flask on crystallisation from 
alcohol gave shining plates (arsenic-free), tn.p. 135 0 . The second fraction 
was redistilled at 125-35° 1 5 nim. (Found : As, 35 7. C 10 H 1S As requires 
As, 36'o5 per cent). 

fi-Phenylvinyltrimethylarsonium Iodide. [PhCH = CHAsMe s I), pre¬ 
pared by heating 0-phenylvinyldiinethylarsine with excess of methyl 
iodide, separated as a yellow solid. It was washed with ether and dissolved 
in chloroform. The chloroform extract was concentrated and poured into 
ice-cold ether when needles were obtained, m.p. 155°. It is very soluble 
in methyl alcohol, chloroform, sparingly in carbon disulphide and insoluble 
in benzene, ether and petroleum ether. (Found: As, 21*1, CnHjoIAs 
requires As, 214 percent). 

Mercuric Chloride Double Salt [Ph CH = CH’AsMeg, HgClg].— 
Ethereal solutions of mercuric chloride and j 3 -phenylvinyldimethylarsine 
in molecular proportions were mixed together and the precipitated solid 
was dissolved in chloroform and reprecipitated by ether, the operation being 
repeated several times. Finally it was crystallised from chlorofonu, 
m.p. 131*. (Found: Hg, 41*5. C 10 HnAsHg requires Hg, 41*7 per 
cent). 

tris~P‘Phenylvinylmethylquaiernary At son turn Iodide, (PhCH =CH) S 
AsMel was crystallised from alcohol as needles, in.p. 95*. (Found : As, 24*2. 
CssH(« I As requires As, 14‘a per cent). 


Synthesis of Atsindole Derivatives. 

uChloroarsindole. —tris-ff-Phenylvinylarsine (10 g.) and arsenic 
trichloride (35 c.c.) were heated for 7 hours at 180*. The reaction product 
whs treated with excess of ao% hydrochloric acid and the oil obtained was 
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dissolved in excess of ether, the ethereal solution washed with dilute hydro¬ 
chloric acid, and dried over calcium chloride. The ether was evaporated 
off in an atmosphere of carbon dioxide and the oil distilled at iao-35°/5miu. 
as a light yellow oil with a very irritating odour. [Pound : As, 35*3; 
M.W. (cryoscopic in benzene), 316*3. C 8 H„C 1 As requires As, 35*3 per 
cent. M.W., 312*5]. 

It was identified as i-chloroarsindole by its methyl derivative (c/. 
Das-Gupta, /. Indian Chem. Soc., 1937, 14 , 354) and mercuric chloride 
double salt of the methyl derivative, m.p. and mixed m.p. 151°. 

i-Methylarsindolc .—A solution of 0 -phenylvinyldimethylarsine in 
dry carbon tetrachloride was saturated with dry chlorine. The solvent was 
removed under reduced pressure and the remaining mass was gradually 
heated to 185-90°. Decomposition took place with evolution of methyl 
chloride, volatile chloroarsines, etc. The product was washed with dilute 
hydrochloric acid and then extracted with ether, the solvent removed and 
the oil distilled at 138-48°/5 mm. This was redistilled at 140-45 °/s mm. as 
a golden yellow oil. The mercuric chloride addition product melted at 
151°. [Found : As, 39*1 ; M.W. (cryoscopic in benzene), 190*5. C 0 H»As 
requires As, 39*06 per cent. M.W., 193). 

i-Phenylarsindole .—A mixture of phenylarsenious chloride (9 g.) and 
w-bromostyrene was allowed to stand for 24 hours with caustic soda solution 
(10 g. in 20 c.c. of water) at room temperature. It was then heated for 
10 hours. The mixture was filtered through glass wool and the unaltered 
oil separated and the aqueous layer acidified with excess of hydrochloric 
acid in presence of alcohol. The solution was then saturated with sulphur 
dioxide, when a brown oil separated which was distilled at 165-76°/3 mm. 
as a brown oil. It was redistilled at 165-70° / 3 mm. [Found: As, 29*6 ; 
M.W. (cryoscopic), 251. C^HijAs requires As, 29*5 per cent. M.W., 

254]. 

My grateful thanks are due to Dr. M. N. Goswami and to Mr. B. C. 
Ray for their keen interest. 
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and Tschnology, Calcutta 


Received April 7, 1937. 
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CONDENSATION OF SUCCINIC ANHYDRIDE WITH THE 
METHYL ETHERS OF DIHYDRIC PHENOLS. 

Bv G. A. Dalal and K S. Nargdnd. 

Succinic anhydride has been condensed with anisole and the n»tbyj 
ethers of isomeric cresols by Friedel and Crafts’ method (Rosenmupd and 
Schapiro, Atih, Pharm ., 1934, 272 , 313). Hostinaun 16 hem. Zentil. , iSgfa, 
II, 663) obtained a dmiethoxybwii/oy p t op ionic acid from the conden¬ 
sation of succinic anhydride with resorcinol dimcthylethei, while Mitter 
and l)c (/ Indian t him. Soc , 1^35, 12 , 747) obtained / -3:4-dimethoxy* 
beiuoylpropiomc acid by the condensation of succinic anhydiide with 
veratroie- Hut in Ixith these cases the leaction does not seem to have 
lieeu studied thoroughly by using different solvents. We have 
now condensed succinic anhydride with the mono- as well as dimethyl 
ethers of dihydric phenols by Friedel and Crafts’ method using different 
solvents and the results obtained are given in the following table. 


Mi tin 1 itht r used 


\ < ratroU 


(Uiaiuml 


Product obtained 


Yield of the product in different 
solvents. 


3-1 t-1 Him thox\benzo>l- 
propionn arid 


44% in nitrobenzene. 

46 in carbon disulphide 
61 in acetylene tetrachloride 


1 >id not condense under anv conditions 


Rt sorcinol 

3-a pI)unt*thox}ben/o\l- 

88 

in nitrobenzene. 

dimethyl ether 

propiunic acid 

5‘> 

in cat bon disulphide. 

• 


60 

in acetylene tetrachloride. 

Resorcinol 

3 - 2 -H vdroxy-4-methoxv- 

40 

in nfttrohmene. 

monomcttnl ether 

benzovlpropionic acid 

35 

in carbon disulphide. 



40 

in acetylene tetrachloride. 

Hvdroqutnone 

$‘2 .5'I>miet boxy benzoyl- 

70 

in nitrobenzene. 

dimethyl ether 

propionic acid 

40 

in carbon disulphide. 



45 

in acetylene tetrachloride. 


Hydroquinone Did not condense under any conditions 

roonotncthyl ether 



CONDENSATION OF SUCCINIC ANHYDRIDE BTC. iCft 

The constitution of the product obtained from veratrole was established 
by oxidation to veratric acid. The product from resorcinol dimethyl ether 
could not be oxidised by either alkaline potassium }>ermanganato or sodium 
hypochlorite to any di met hoxybenzoic acid. Its constitution was, there¬ 
fore. established by its synthesis by the action of succinic anhydride on the 
Grignard reagent prepared from 4*iodoresorcmol dimethyl ether. The 
constitution of the product fiom resorcinol monomethyl ether follows from 
the fact that on methylation with dimethyl sulphate and caustic soda it 
gives a product, identical with the one obtained by the condensation of 
resorcinol dimethyl ether and succinic anhydride. That the side* chain 
-COCH*CH iCOOH is in ortho-position to the hydroxyl group is inferred 
from its colour reactions with ferric chloride in which behaviour it resembles 
a-hydroxy-4-methoxybenzoic acid. The constitution of the product 
from hydroquinone dimethyl ether could not lx; established by its oxidation 
to dimethyl gentisic acid. Its constitution was, therefore, established by its 
synthesis by the action of succinic anhydride on the Grignard reagent pre¬ 
pared from bromohydroquinone dimethyl ether. 


E X P fi K 1 M K N T A 1.. 

General Procedure followed for the Condensation of Succinic Anhydride 
with the Methyl ethers .—Anhydrous aluminium chloride (28 g) was added 
in four lots to succinic anhydride (1-2 mol ), the methyl ether (1*2 mol.) 
and the solvent (100 c.c.) in a round-bottomed llask. Care was taken to see 
that thfe temperature did not rise higher than 40°. It was kept at ordinary 
temperature for 4 hours, decomposed by the addition of ice and hydro¬ 
chloric acid and distilled with steam to remove the solvent. The solid 
obtained on cooling was filtered and washed with water. It was then extract¬ 
ed with dilute ablution of sodium carbonate, the extract was boiled with the 
addition Of animal charcoal, filtered and acidified. The substance thus 
obtained was filtered, washed and dried. 

I^M+Difntthaxybenzvylpropionic acid, tn.p. 162% is soluble in alcohol 
and Wcetic arid ; lightly soluble in methyl alcohol and chloroform ; 
inso luble in petrol and benzene. Calcium and barium salts are soluble in 
water and the aUuer salt soluble in hot water. (Found: C, 60 35; H, 5*95. 
requires C, 60*50; H, 5-88 per cent). 

Oxidation of the Above Acid.^0 the above acid (1 g.) dissolved in 
* few c.c. of dilute solution of sodium hydroxide, potassium permanganate 
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(1*2 g.) in 40 c.c. of water was added. The oxidation was complete 
in half an hour at ordinary temperature. The precipitated MnOs was filtered 
and the filtrate concentrated and acidified. The substance obtained had 
m.p. 179° and did not depress the m.p. of an authentic specimen of veratric 
acid. 


The methyl ester is soluble in the usual organic solvents and 
crystallises from dilute acetic acid, m.p 90°. (Found : C, 6175 ; H, 6-30. 
C| t H|#t )jv requires C, 61-90; H, 6 34 per cent). 

Tire ethyl 1 W< r was crystallised from dilute alcohol, m.p. 70°. 
(Found Ci 63-10, H, 6-82. C| f H 1N U s requires C, 0316 ; H, 677 per 
cent). 

The simtcarbazoru was a white granular powder, m.p. 180 0 , soluble 
in hot water. (F'onnd : N, 13 94. C] 3 Hi 7 O s N 3 requires N, 14-24 per 
cent). 

P-i:\ Dunt t ho \y benzoyl propionic and, m.p. 148°, is soluble in 
methyl and ethyl alcohol, chloroform, ethyl acetate, acetic acid and hot 
water. Calcium and Iwrium salts are soluble in water. The silver and lead 
salts are soluble in hot watei. (Found • C, 60-29 I H, 5-93. Equiv., 236-6 
C| jll,4< >a requires C, 60-50 ; H, 5-88 i>er cent. Equiv., 238-0). 

Syntlusis oj ft- 2 . 4 -Dimetho.\ybui:oyll'ropionic Acid .—To a boiling 
suspension of succinic anhydride (5 g.) in benzene (50 c.c ) was added the 
C.rignard reagent, prepared from 4-iodoresorciuol dimethyl ether (xi g.) 
(Knuftmunn and Kieser, Btr., 1912, W, 2334), magnesium (1-2 g.) and 
diy ether (50 c.c ). It was warmed on a water-bath for 15 minutes, decom- 
IK«ed by ice and dilute sulphuric acid. The benzene-ether layer was 
extracted with dilute solution of sodium carbonate. The sodium carbonate 
extract on acidification melted at i35 r . It has equivalent wt., 237 0 and 
forms a silver salt soluble in hot water. The mixed m.p. with the product 
from resorcinol dimethyl ether was 147 0 . The m.p. of the synthetic product 
could not be raised by recrystallisation. 

The methyl ester was a colourless liquid, b.p. aio*/27 mm. ; 
»'i> u «i- 54 aa 4 - (Found . C, 0182 ; H, 6 37. CjsHieOa requiresC, 6190; 
H, 6-34 per cent). 

The ethyl ester was a colourless solid, m.p. 70*, soluble in the netful 
organic solvents but insoluble in petrol. (Found : C, 63'07 ; H, 6*90. 
CitHiaO* requires C, 6316 ; H, 6-77 per emit). 



condensation of 8Ucoinic anhyd&idN etc. 

The semicarbaaoHe melted at 160°. (Found : N, 14*10. C| 8 H| T O s N* 
requires N, 14 34 per cent). 

P’ 5 ‘Bromo- 2 : 4 -dimelhoxybenz 0 yIpfopionic acid, prepared by bromine* 
ting the parent acid in aqueous solution, had m.p. 178°. It is soluble In 
hot ethyl alcohol and acetic acid and insoluble in petrol, benzene and chloro¬ 
form. (Found : Br, 25*15; Equiv., 321*0. CtsH| S () 8 Br requires Br, 85*13 
percent. Equiv., 317-0). 

P-S-Nitro~ 2 : 4 -dimetho\ybenzoylpropionic acid, prepared by nitrating 
the parent acid in glacial acetic acid, had m. p. 173®. It is 
soluble in hot water, hot methyl and ethyl alcohols and insoluble in chloro¬ 
form, petrol and benzene. (Found: N, 4*78 ; Equiv., 281*3. CisHisOfN 
requires N, 4*95 per cent. Equiv., 283*0). 

P-z-Hydroxy-^-methoxybenzoylpropionic acid, prepared by the con¬ 
densation of succinic anhydride with resorcinol monomethyl ether, is 
soluble in hot organic solvents and hot water. It crystallises in fine needles 
fiom methyl alcohol, m. p. 156''. Calcium and barium salts are soluble 
in water and the silver salt insoluble in water. (Found : C, 58*72 ; H, 5*45. 
Equiv., 226*0. C|iHu 0 8 requires C, 58*94; H, 5*36 per cent. Equiv., 
224*0). 

The methyl ester is a colourless solid (needles from dilute alcohol), 
111. p. 85°, soluble in the usual solvents but insoluble in petrol. 
(Found: C, 60*30; H, 5*80. C 19 Hi 4 0 8 requires C, 60*50; H, 5*88 

per cent). 

The ethyl ester, m. p. 68°, has similar solubilities as the methyl 
ester. (Found: C, 6178; H, 6*50. C, s H 16 0 8 requires C, 61*90; H, 

6*35 per cent). 

The semicarbazone is a white granular powder, m. p. 175°, insoluble 
in all solvents. (Found : N, 1473 - CisHi 8 0 8 N 3 requires N, 14*94 
percent). 

Methylation of-P-2-Hydroxy-4-methoxybenzoylpropionic Acid.—The 

add (2 g.), dissolved in xo c.c. of 10 % solution of sodium hydroxide, 
was treated with 2 c.c. of dimethyl sulphate and left overnight. It was 
o gp itt treated with the same quantities of dimethyl sulphate and sodium 
hydroxide and was warmed on a water-bath, cooled and acidified. The 
substance, m. p- 148®, did not depress the m. p. of 0*2 :4*dixnethoxy- 
benzoylpropionic acid. 

0-2: 5-Dimethoxybenzoylpropionic acid, m.p. 107® (prismsfrom acetic 
aci d ) is soluble in hot methyl and ethyl alcohol and hot water, insoluble 
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japetroLcblorofarm and beowsie. Calcium and barium aattaaeU'fltftafefein 
water and the silver salt soluble in hot water (Found : C, *6o**8; 
H 5*&l. Kquiv., 340*0. CitHtiOs requires Q, 60-50 : H, 5188 (tar cent. 
Bquiv., 338*0). 

P-2\$~Dimethoxybenzoylpropumic acid was prepared from toomcfaydro- 
quinoae<dimetbyletlxer (Nadting and Werner, Sen. 1890,88, ga$o). 

The methyl ester crystallised from hot petrol in square plates, 01401. 
54 0 . (Found: C, 61*83 ; H, 6*45 C|gHx 0 O 3 requires C, 61*90 ; H, ‘6*34 
per cent). 

The ethyl ester crystallised from dilute alcohol in needles, tn.p. 46'. 
(Found: C. 63*06; H, 6*83. C 14 H| 8 0 3 lequires C, 63*16; H, 6*77 

percent). 

The semtcarbazone crystallised from methyl alcohol, m.p. 195''. It is 
insoluble in ethyl acetate, benzene, acetic acid, petrdl and chloroform. 
(Found : N, 13*93. Ci S H| rOjNg requires N, 14*24 per cent). 

Our thanks are due to Prof. Bokil for his interest in this work and to 
Dr. M. S. Shah lor facilities 


M. It. Serna* Iwsr mw . 

GUJABAT CoUSGt, ABIODABAD. 


Received May 10, jgjj. 



QUINAZOUNES PART I. 

By Tkjkndka Nath Ghosh. 

I* a- ptevioUs communication (Ghosh, /. Indian Cham « Sac*, «gyy r :<fc. 
M4>. tile synthesis of die osttiot derivative (I) has been described. Whoa 
heated with an aromatic amine at 160-170°, in pretence of copper poerdae 
(c/. Narang and Ray, J. Chem Soc., 1931, 976), the compound (I) 
furnishes the quinazoline (II). In this connection, reference is made to 
the synthesis of quinazolines by heating acetoanthranil with various amines 
(Anschutz, Schmidt and GreiSonberg, Ber„ 190a, 85 , 348a; Begert and 
Bed, ]■ Amet. Chem Soc , igia, 84 , 516, and subsequent papers). 


N N 



(rv) 


When boiled with concentrated hydrochloric acid, the compound' (FI 1 , 
R = Ph) yields a mixture of hippuric acid and e>aminobenzaniHde icf. 
Bogert and Seil,/. Amer. Chem. Soc., 1906, 88 , 890). In order to Study 
the cydisation of the compound (III) to (II), the hydrolysis of' the 
co mp o u nd (I) was tried, so that the corre spon ding add could be 
utilised for the preparation of (III). The add from (I), however, 
could not be obtained, because, as soon as it is liberated front 1 the 
sodium salt by acid, it at once passes into (I). 

For obvious pharmacological reasons, it seemed of considerable interest 1 
to synthesise a compound of the type (IV), in which an imidazolering 
isftised with the quinazoline residue. When heated with o-phenylenedla* 
mine at 170-180 0 ib presence of copper powder, the compound' (I) yield* 
(IV) with the domination of two moleculfcs of water (cf. Biflttusydti and' 
Piaster, Htlv. Chim. Acta, 1933, 9 , 525 ; Spifh add F la t ter , Bar., 1936; 

* 55 )* 
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The compo un d (IV) it stable towards concentrated hydrochloric grid 
tad fornt a hydrochloride. 

It hat been observed that, although the oxazine derivative (I) readily 
ooadtnati with aldehydes in pretence of acetic anhydride and fused sodium 
acetate (Ghosh, Joe. cit.), the quinazolines (II) and (IV) do not lend 
tldir apparently reactive methylene groups for condensation with aldehydes 
aider simflSr conditions. In both cases, some steric influence may be 
mtpootibie for this inactivity. 


Expbkimbntal. 


4-KetO'2-bentoylaminomethyl-$-phenyl-3-4-dihydToquinazoline (II, R ■* 
Ph).—An intimate mixture of the compound (I, 5*6 g.) and aniline 
(1*9 g.) was melted at 185-190* and then copper powder (10 g.) Was added. 
The mass was heated at 160-170° for 4 hours with occasional stirring. 
The dark mass was powdered and washed successively with dilute hydro- 
ebloric acid and sodium carbonate solution. It was then extracted with 
hot alcohol; the alcoholic solution yielded on dilution with water a 
brownish solid which was twice crystallised from alcohol (charcoal) in 
colourless rectangular plates, m.p. 205°, yield 35 g. (Found - N, ix'91. 
CstHjrOgN's requires N, n'83 percent). It is insoluble in cold dilute 
alkali, but dissolves m cold concentrated hydrochloric acid, being precipi¬ 
tated unchanged on standing or on dilution with water. It remains 
unchanged by the action of acetic anhydude and fused sodium acetate 

The above compound was boiled with strong hydrochloric acid for 
about a hours and diluted with water. The clear solution was concentrated 
to a small bulk, when a crystalline mass was obtained which was filtered 
and triturated with cold water. The insoluble portion, on crystallisation 
from hot water, was proved to be hippunc acid. The aqueous solution on 
concentration yielded the hydrochloride (m.p 183-84°); the free base was 
obtained from the hydrochloride by treatment with aqueous sodium acetate 
sotutkgi and crystallised from benzene in colourless needles, m.p. 130*. 
Its identity with o-aminobenzan ilide was confirmed by studying its proper¬ 
ties and finally by analysis. 

4*K*lo-a-benzoylaminomelkyl-yp-tolyl-y.4-dthydToqutHazoltne (II, R« 
p-tolyl)—The method of preparation was the same as in the case of the 
previous compound. The compound crystallised from alcohol (charcoal) 
in colourless rectangular plates, m.p. 105-^6*• {Pound: N, 1137. 
C*sH|#O.Nj requires Jl, 11*38 per cent). It is insoluble in cold dilute 


eik*b. 


•» 


3 
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4 'Keto- 2 -bensoylaminomethyl-ym 4 olyl-y.d'dihydroquina»oline (II, R*» 
m-tolyl).—The method of preparation was the same as in the case of the 
previous compound (II, R« phenyl). The compound crystallised from 
alcohol {dwrcoal) in colourless rectangular plates, m.p. 177*78®; yield nearly 
50%. (Found: N, u'50. C* s H| 0 OjN 8 requires N, «‘38 per cent). 
It is insoluble in alkali. 

Condensation of the Compound (I) with oPhcnylenediamittc: Forma * 
tion of a-Bemoylaminomethyl-y.d-dihydroquinazoline-y^-bemiminaiole (IV). 
—An intimate mixture of tfie comi>ound (I, 5’6g.) and o-phenylenedi* 
amine (2'2g.) was melted at 190° and then copper powder (10 g.) was added. 
'The mass was heated at 170-180° for 4 hours. The dark mass was powder* 
ed and treated with cold dilute hydrochloric acid. The acid solution was 
filtered and treated with excess of sodium bicarbonate solution. The solid, 
thus obtained, was dried and extracted with absolute alcohol; the alcoholic 
solution, on dilution with water, gave a btownish crystalline precipitate 
which was twice crystallised from alcohol (charcoal) in colourless needles, 
m.p. 211-12 0 , yield 25 r. (Found: C, 74'78 ; H, 4T8 ; N, i6‘i2. 
C28 Hib()N 4 requires C, 75‘o; H, 4'54 ; N.is'gi per cent). It is insoluble 
in cold dilute alkali It does not contain any diazotisable amino group 
and does not form any acetyl derivative with acetic anhydride. It does not 
condense with phenyl isocyanate, indicating thereby the absence of any free 
amino group 

The above compound dissolves in dilute hydrochloric acid and the 
solution, on evaporation, yields the hydrochloride in the form of colourless 
plates, m.p. 225-31°. The hydrochloride was found contaminated with 
slight gummy matter, which, however, could not be removed by several 
crystallisations. When treated with aqueous sodium bicarbonate solution, 
it yields the original compound (IV). The compound (IV) has lxsen found 
to remain stable when boiled with concentrated hydrochloric acid for about 
45 minutes, the above hydrochloride lieinR formed by this treatment. 

Condensation of the Compound (I) with o-Nitroanilinc. —Following 
the above method, the condensation was tried in presence of copper powder 
at 170-180" and at higher temperatures, but the condensation could not 
be effected. 

My thanks are due to Prof. P. C Guha for his kind interest in this 
investigation. My thanks are due to the Lady Tata Memorial Trust for the 
award of a scholarship. 

Department or Organic Chemistry, 

Indian Institute or Set inch, Received June 39, 1917. 

Banraiore. 



STUDIES ON THE FORMATION OF DYES DERIVED 
FROM 8-OXYQUINOUNE ALDEHYDES AND FROM 
2-OXYANTHRAQUINONE ALDEHYDE. 

By Susil Kumar Ray. 

Little investigations apj>ear to have *beeu made both on triphenyl- 
methane as well as on pyronine dyes containing quinoline or anthraqninone 
nucleus. These dyes are of much interest on account of the presence of 
the condensed and heterocyclic ring systems. In the present paper some 
interesting pyronine and triphenylmethane dyes derived from 5- and 
7-aldehydo-8-oxyquinoline and from i-aldehydo-2’Oxyanthraquinone have 
been described. 

5-Aldebydo-8-oxyquinoline and 7-aldehydo-8-oxyquinoline were prepared 
by the action of chloroform on 8-oxyquinoline in presence of alkali, while the 
i-aldchydo-2'oxyanthraquinone was prepared similarly from 2-oxy-antbraqui- 
none (c/. Sen and Ray, J Indian C Item. Soc , 1932, 9 , 174). By the condensa¬ 
tion of the quinoline aldehydes with dimethylaniline and also with resorcinol 
in presence of concentrated hydrochloric acid as the condensing agent, dyes 
of triphenylmethane type have been obtained, the leuco-bases on oxidation 
with lead peroxide in the usual way give the corresponding carbinols. The 
condensation with o-cresotinic acid has been effected in presence of concen¬ 
trated sulphuric acid The leuco-base obtained, when oxidised with nitrosyl 
sulphate, dyes silk and wool a beautiful orange shade. The dimethyl- 
aniline compound dyes wool and silk, from dilute acetic acid bath, a deep 
blue shade, while the resorcin compound produces a magnificent golden 
yellow shade. Pyronine dyes have been obtained by condensing the 
aldehydes with diethyl m-aminophenol and with resorcinol in presence of 
concentrated sulphuric acid. The diethyl-m-amino compound produces a 
reddish violet shade on wool and silk, while the compound with resorcinol 
dyes silk and wool a delightful reddish orange shade. It is of interest to 
note that when the pytone ring is not closed (t.e., as in the condensation 
between the aldehyde and resorcinol in presence of concentrated hydrochloric 
acid) silk and wool are dyed a golden yellow shade, while by closing the 
pyronc ring the colour is deepened to reddish orange. 

i-Aldehydo-2-oxyanthraquinone has also been successfully condensed 
with U) dimethylaniline, using hydrochloric acid as the condensing agent; 
(*») o-cresotinic ackt and (ait) diethyl m-aminophenol in p resen ce of concen¬ 
trated sulphuric acid. It has been noticed that the C*0 groups in the 
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anthraquinone ring do not react in these condensations. The compound 
with dimethylaniline, on oxidation with lead peroxide, dyes silk a delightful 
bluish violet shade while a greenish blue shade is pioduced on wool. The 
diethyl-m-amino compound produces a reddish violet shade on wool and 
silk, while the compound with o-cresotinic acid, on oxidation with nitrosyl 
sulphate, dyes silk a light yellow and wool a deep yellow shade which 
changes to reddish shade by after-chroming. 

As the methods of preparation and properties of the corresponding 
condensation products of 5- and 7-aldehydo-8*oxyquinolines are identical, 
only those of 7-aldehydo-8-oxyquinoline have been given in Table I. 

Experimental. 

Table I. 

Dyes derived from y-aldehydo-S-oxyquinolinc. 

Procedure and analysis. 

Aldehyde (2 g ) and dimethylaniline (j c.c.) were heated 
on a boiling water-bath for 30 hours with frequent addition 
of concentrated hydrochloric acid (5 c.c. in all); the solu¬ 
tion was made alkaline, distilled in steam, filtered and 
acidified with HC 1 and reprecipitated with ammonia. 
It crystallised from chloroform as a bluish green powder, 
tnp. 177°, yield 70^,. It is Insoluble in water, 
alcohol and ether; easily soluble in chloroform The 
carbinol base dyes silk and wool a deep blue shade from 
dilute acetic acid bath (Found: N, 10*76. CuHtfONj 
requires N, 10*58 per cent). 

Aldehyde (a g ) and resorcinol (4 g.) were heated with 
concentrated HC 1 (10 c.c.) for ao hours and treated in the 
same manner as above The compound, precipitated with 
ammonia is a faint yellow powder. It crystallised from 
alcohol in black shining plates, m.p. 248*,yield theoretical. 
It is insoluble in water, ether and chloroform; sparingly 
soluble in acetone and acetic acid; moderately soluble 
in hot alcohol. The carbinol base dyes wool and silk a 
greenish yellow shade. (Found: N, 3*87. CjfHirOfcN 
requires N, 3*73 per cent). 

Aldehyde (2 g.) and o-cresotinic acid (2*5 g.) when stirred 
with concentrated sulphuric acid (xa g.) for 5 hours at 
room temp, gave a liquid product which was oxi¬ 
dised with nitrosyl sulphate in the usual way; the mixture 
poured into water ana filtered. It is soluble in sodium 
bicarbonate and insoluble in most organic solvents. It is 
a yellowish powder, m.p. above 250*. It dyes wool and silk 
an orange shade. 

Diethyl m-antmophenoL Aldehyde (2 g ) and diethyt-m-aminopbebol (3 g.) when 

heated with concentrated sulphuric acid (20 c.c.) in an 
oil-bath for 4 or 5 hours at 120-130* gave a product which 
waa treated with water and filtered. The filtrate was 
basified with ammonia when a reddish violet powder 
was obtained. It crystallised from alcohol as a violet 
powder softening at 8o\ yield 90%. It is easily soluble 
in alcohol (pink solution with slig tly violet fiuorscence); 
sparingly soluble in ether; insoluble in petroleum ether 
and chloroform. It dyes silk and wool a reddish violet 
shade* (Found : N, 9*3. C*H a O|N requires N, 8*7 per 
cent). 


Condensation with 
Dimethylaniline- 


Resorcinol. 


o-Cresotinic acid. 
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Condensation with 

Resorcinol in presence 
of H18O4. 


procedure And analysis. 

A mixture of aldehyde (2 g.) and resorcinol (4 g.) 
when heated with concentrated H1SO4 in the usual manner 
yielded a reddish powder which crystallised from 
alcohol in black shining plates melting at 86-87*, 
theoretical. It is easily soluble in alcohol (orange-red solu¬ 
tion with yellowish green fluorescence); soluble in alkali 
with green fluorescence It dyes wool and silk an orange- 
red shade. (Found : N, 4 01 CfcHtfOsN requires N, 37 
per cent). 


Table II. 


Dyes derived front t-aldchydo-2*OAyanihraqumonc. 


Dimethvianiline. 


Diethyl-m-sminopheno). 


o Cresottnic acid 


A mixture of aldehyde (2 g.) and dimethvianiline 
*3 c.c.) when heated on a boiling water-bath with con¬ 
centrated HC 1 (5 c.c.) and treated in the usual 
way gave a product which crystallised from alcohol os 
bluish green microcystalling powder, m. p. 78*. 
yield 70%. It is insoluble in water and petroleum ether; 
sparingly soluble in alcohol and etner; moderatelv 
soluble in chloroform. The carbinol base dyes silk 
and wool a bluish violet shade. (Found • N, 5 8%. 
CgHgOsNi requires N, 5 8 per cent). 

Aldehyde (2 g ) and diethvl tw-aminophenol (3 g. > 
when heated with concentrated H|SO| and treated 
subsequently as in the preceding compound gave a 
violet product which crystallised from dilute alcohol as 
a violet powder, m.p. 135°, yield 90% It is insoluble in 
water, easiU soluble in alcohol (pink), ether <yellow soln.l, 
chloroform and acetone and insoluble in petroleum ether. 
It dyes wool and silk a reddish violet shade. (Found 
N, 5*2i. CjtHgOiNf requires N, 4*99 per cent). 

The condensation w as effected in the same manner as 
with 7-aldehydo-8-ox>quinoline The product was a 
yellowish powder insoluble in most organic solvtnts 
hence it could not be purified for analysis It d>es wool 
and silk a yellowish shade which becomes reddish on 
after-chroming. 


Tlic author takes this opportunity of expressing his indebtedness to late 
hof. R. N. Sen for the kind interest he took in the work. 


Chemical Labokatok\, 

Phksidkncy Collkol, 

Calcutta ftarmd Kov<iubcr 17,1936. 



TERPENE COMPOUNDS. PART I SYNTHETIC STUDY 
ON THE STRUCTURE OF AZULENE 


By Nripkndra Nath Ciiattkrjkk. 


Two structural formulae (I) and (II) have been suggested for the blue 
pigment which is associated with the high boiling fractions of certain 
volatile oils (Kremers, /. Amcr. Chew Soc., 1923,18717,; Ruzicka and 
Rudolf, Hclv. Chini. Acta , 1926, 9 , 118 ; liuzicka and van Veen, Annalcn, 
178 , 70; Ruzicka and Haagen-Smit, Helv. Chitn. Acta , 1931, 11 , 1929, 
1104 ; Birrel, J. Amct. Chcm. Soc., 1934, 88, 1248; 1935, 87 , 883; Melville, 
ibid., 1933, 88, 3288; Birrel, ibid., 1935, 87 , 893). The structure (I) was 
advocated by Kremers (loc. cit.) and (II) by Ruzicka and HaagenSmit (he. 
cit.) as explaining many known facts concerning the sulistance. 

Preliminary experiments which have been carried out iu this direction 
with the object of synthesising (I) are now described. 

Ethyl A 1 -tetrahydrobenzoate is condensed with ethyl sodio-cyanoacetatc, 
and the resulting sodio derivative is allowed to react with ethyl bromoace* 
tate, when ethyl i-carbethoxyryr/ohexane-2-a-cyanosucciiiate (III) is 
obtained (cf. Bardhan and Chattel jee, /. C hem. Soc., 1935 * 479 )* This 
on hydrolysis gives i-carboxyryf/ohexane-2-succinic acid (IV). The ethyl 
estei of the above acid is cyclised with granulated sodium to yield ethyl 
(0.3:4-6iVyr/o)-nonan*2-onc-3:4-diearboxylate (V). This on hydrolysis 
gives the required (o. 3:4-h;r3'r/o)-iionan*2-one'4-carboxylic acid (VI). 
The corresponding keto-ester is treated w ith methyl magnesium iodide 
to yield a neutral product (VII), which on dehydrogenation with 
selenium probably furnishes (VIII). 


C(Me)., (Me)2 CH* 



(IV) ‘ (V) 


CN 



COgH 

CH$ CH 

„ 1 d s/ Mx> 


CH, 

(VI) 




4J8 


N. N. CHATTERJEE 




(VIII) 


Experiments on similar lines are in progress with p-metbylcyclo- 
hexauone for the synthesis of the compound (I) given above. 


Experimental. 

Ethyl &*-tctrahydrobenzoatc was prepared accoiding to the following 
method in good yield. cyr/oHexanone (ioo g.) was shaken with a solution 
of sodium bisulphite (200 g.) in water (250 c.c ) and the mixture was cooled 
in ice and gradually treated with a solution of potassium cyanide (8og.j 
in water (150 c.c.). After 2 hours the cyanohydrin was extracted with 
ether, washed with water and then with a saturated solution of sodium 
chloride, dried (auh>drous sodium sulphate), and the solvent removed with 
the addition of 2 drops of concentrated sulphuric acid. The crude cyanohydrin 
was refluxed with 5-6 volumes of concentrated hydrochloric acid [d i*iy) 
for 7 hours on the steam-bath and the hydroxy-acid extracted with ether, 
yield 105 g. The hydroxy-acid (50 g.) was treated with phosphorus 
pentachloride (140 g.) and heated on the water-bath for about 12 hours. 
The reaction product was cooled, poured into ice-cold absolute alcohol 
(aoo c.c.) and left overnight. It was then diluted with water and the 
chloro-ester (too g ) was refluxed with alcoholic potash (100 g. in 300 
c.c. of alcohol) for about 2 hours on the water-bath. After dilution, alcohol 
was removed on the water-bath as completely as possible, the brown solution 
cooled, filtered and acidified with hydrochloric acid, and the product 
collected in y ether, dried and ether removed; yield 35 g. Ethyl A^tetrahydro- 
benzoate was prepared by a refluxing a mixture of the acid (161 g.), absolute 
alcohol (400 c.c.) and concentrated H$SU 4 (61 c.c.) for 6 hours, b.p. 
p6°/xo mm., yield 165 g. 

Ethyl i»Carbethoxycyclohexane*2-*»cyanosucctnate (III).—A solution 
of sodium (4 6 g.) in absolute alcohol (75 c.c.) was cooled in ice and gradually 
mixed with ethyl cyanoacetate (22*6 g.). After half an hour ethyl A 1 -tetra- 
hydrobenzoate (33 6 g.) was added, and the mixture refluxed on the steam- 
batli for 44 hours. The brownish ^crystalline mass, consisting of the 
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sodio derivative of the condensation product, was cooled in ice and treated 
with ethyl bromoacetate (33*6 g.), the mixture being finally heated for 6 
hours. After cooling, the product was poured into water, and the oil 
extracted with ether, washed, dried, and fractionated under reduced 
pressure. Ethyl i-carbethoxyrydohexane-2-a-cyanosuccinate had b. p. 
204-206°/4 mm., yield 45 g. (Found: C, 6rr; H, 7’6. C, 8 H J7 0 6 N 

requires C, 6ri; H, 7*6 per cent). 

Ethyl i-Carboxycyc\ohexanc-2-succinaic (IV).—A solution of the above 
cyano-ester (III, 40 g.) in concentrated sulphuric acid (45 c.c.) was diluted 
with water (320 c.c.) and tefluxed for 50 hours on a sand-bath. Practically 
the whole of the acid went into solution. After cooling, the mixture was 
diluted with water and extracted with ether. The gummy acid (30 r.) 
obtained was converted by the alcohol vapour method into ethyl i-carboxy- 
cycIohexane-2-succinate, a colourless limpid oil, b. p. i77°-t8s°/7 mm., 
yield 25 g. (in a typical experiment 65 g. of acid, 120 c.c. of absolute alcohol, 
12 c.c. of concentrated sulphuric acid were treated and 3 litres of alcohol 
vapourised for 4 hours). (Found: C. 62-5; H, 8-5. Ci 7 H 88 O 0 requires 
C, 62-1; H, 8 53 per cent). 

Ethyl ( o:y.4-bicyc\o)-Nonan-2-onc-y.4-dicarboxylate (V).— The above 
ester (IV, 8 g.) was heated with granulated sodium (ra g.) and benzene 
(25 c.c.) until the whole of the sodium disappeared (2 hours). After 
cooling, the product was treated with cold dilute sulphuric acid and the 
benzene layer was washed with aqueous sodium carbonate and with water, 
dried, and evaporated. The residue gave a violet colouration with ferric 
chloride. The ester was obtained as a colourless oil, b.p. i88°/8mm., 
yield 4 5 «• ( Found: c < 63-4; H, 8 0. Ci 5 H 88 0 ,, requires C, 63 8; H, 
7-8 per cent). 

(cr.y.4-bicyc\o)-Nonan-2~one-4-carboxylic Acid (VI).—The product (28g.) 
was refluxed with excess of dilute sulphuric acid (20%) for 12 hours ; the 
cooled solution was saturated with ammonium sulphate and repeatedly 
extracted with ether and the extract washed with water. On removing 
ether the keto-acid crystallises, m.p. 136°, yield 18 g. (Found: C, 65-8; H, 
7*6. CT0H14O3 requires C, 65 0 ; H, 7 6 per cent). 

The semicarbazone crystallised from alcohol, m p. 220°. (Found: N, 

17 2. C n Hi 7 0 ,N 8 requires N, 17 5 per cent)- 

The ethyl ester was prepared by refluxing a solution of the keto-acid (VI, 

18 g.) in absolute alcohol (68 c c.), saturated at 0° with hydrochloric 
add gas and working np the product in the usual manner, b.p. r43-44°/8mm. 
(Found: C, 68-5 ; H, 8*4. C|fH» »O g requires C, 68 5; H, 8-5 per cent). 



420 


H. N. CHATTBRJBB 


The semicarbazone crystallised from alcohol, m.p. 159 0 . (Pound: N, 
15-6. C ( jHsiO b N 8 requires N. 157 per cent). 

Ethyl yMethyl- (0:3:4- bicyclo)-nonan- 2-one-y.ydicarboxylate .—The 
ester of the compound (IV) (8 g.) was cyclised with sodium (r a g.) in benzene. 
The product was cooled in ice and gradually treated with excess of methyl 
iodide and the whole warmed until neutral. The mixture was treated with 
cold water and the benzene layer separated, dried and distilled, ethyl 3- 
methyl-(o:3:4-b/cycto)-nonan-2-one-3:4-dicarboxylate being obtained as a 
colourless oil, b.p. i74°/7mm., yield 4 g. It did not give a colouration with 
ferric chloride. (Found: C, 64'9 ; H, S-i. Cj 0 H 94 O5 requires C, 64^8 H, 
8*x per cent). 

Action of Methyl Magnesium Iodide on Ethyl (o:y.4-bicyclo)-nonan-2- 
one-4-carboxylate: Formation of Compound (VII).—The ester (10 g.), diluted 
with dry ether (10 c.c.), was slowly added to a solution of methyl magnesium 
iodide (prepared from 3’6 g. of magnesium in 100 c c. of dry ether and 11 c.c. 
of methyl iodide) cooled in ice-water. After standing for 12 hours at the 
ordinary temperature the product was decomposed with ice and dilute 
hydrochloric acid. The solution was extracted ten times with ether and the 
extract was washed with water, dried and evaporated. The brown 
residue was boiled with a solution of potassium hydroxide (10 g.) in water 
(to c.c.) and alcohol (90 c.c.) for x hour; the alcohol was removed as com¬ 
pletely as possible and the residue diluted with water and repeatedly 
extracted with ether, yield 4 g. The neutral product thus obtained exhibits 
bluish fluorescence in ethereal solution, b.p. i54°/4mm. (Found: C, 74-4; 
H, 107. Ci 3 H 4t O # requires C, 73-6; H, 113 per cent). 

i-isoPropylidene-ymethylindcne (VIII).—The neutral product (VII) 
was heated with selenium at 300-320° for about 29 hours. The product 
(probably a mixture) was extracted with ether and after removing 
the solvent fractionated and a small quantity of a su bstan ce at 
145-48°/11 mm. was collected and crystallised from methyl alcohol, 
m.p. 49°- (Found: 0,90 5; H, 80. Calc, for C, 8 H, 4 : 0,917; H, 8 2 
per cent)- 

My sincere thanks are due to Professor P. C. Mitter for encouragement 
and advice during the course of this work. 
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SYNTHESIS OF SUBSTANCES RELATED TO CAPSAICIN. 

By P. C. Mittbr and Sudhir Chandra Ray. 


Hie naturally occurring pungent principles like piperine, capsaicin, 
faga r a mid e, spilanthol, pellitorine etc., are found to possess in common the 
acyl amide -N-CO- linking, the amine being either primary or second* 
ary. It may be purely aliphatic, viz., isobutylamine in fagaramide or 
fat*aromatic like vanillylamine (in capsaicin) or heterocyclic like piperidine 
(in piperine). The acid is either aliphatic or fat-aromatic and in all the 
naturally occurring pungent principles, hitherto investigated, contains at 
least one ethylenic linkage. 



(Piperine) 

MeO 

■HQ<( ^CH,-NH-CO-(CH 2 ) 4 -CH=CH-CH Me s . 

(Capsaicin) 


Me 

Me 


^ch-ch 9 -nh-co-ch=ch— 

(Fagaramide) 


—0 


c5- 



M< 


%CH-CH # -NH-CO-(CH 9 ) a -CH=CH-CH 
M e< II 


(Spilanthol) 

Mev 

\:H-CH fl -NH-CO~CoH l8 


CH-(CH,) f -Me 


Me 


(Pellitorine, position of doable bonds anknown.) 


A number of synthetic pungent principles have also been prepared and 
studied. ThusScholtz (Ber., 1895, 28 , 1196) has found that the homologues 
of piperine and further the piperidide of methylene caffeic acid have got the 
piperine taste. 

Nelson (J. Amer. Chem. Soc., 1919, M, 1115 ; i 92 °> * 2 , 597 ; Nelson 
and Dawson, 1923, «t, 2179! after establishing the constitution of capsaicin 

4 
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prepared and studied the vanillylamides of acetic, propionic, butyric, 
tsobutyric, n-hexoic, n-beptoic, n-octoic, n-nonoic, n-dgeoiew cs?tpp y ,apd 
A^-undecylenic acids. He found that the pungency as determined fay 
Pearson's method (Pharm. /., 1919, 108 , 78) increased until it reached a 
maximum m n-nonovanillylamide and then decreased as the molecular 
weight increased. 

Ott and Zimmerman ( Annalen , 1921, 128 , 314) found that the vaniDyl* 
amides of unsaturated acids, especially oleovanillylamide, were very pungent 
while stearovanillylamide was tasteless. So they concluded that the pun* 
gency was associated with unsaturation in the acyl group. They also 
prepared the benzylamide as well as the methoxy- and hydroxybenzylamide 
of undecylenic acid and found that while the benzylamide and methoxy- 
benzylamide were tasteless, 2-hydroxy- and 4-hydroxybenzylamides were 
pungent. 

Nelson (loc. cit.) as well as Lapworth and Royle (/. Chem. Soc- 9 1919, 
118,1109) prepared the methyl ether of capsaicin and found that it was 
much less pungent than capsaicin. Nelson and Dawson (loc cit.) had shown 
that capsaicin and hydrogenated capsaicin were equally pungent At least 
in this case, the refore, unsaturation has no influence on pungency. 

Jones and Pyman (] Chem. Soc. t 1925, 127 , 2588) using mainiy 
Nelson's method (/ Amcr Chem. Soc. t 1919, II, 2121) prepared the 
vanillylamides of various acids including aliphatic normal and branched 
chain acids, benzoic acid, saturated ui-phenyl-fatty acids and halogeno- 
acetic acids Besides they prepared substituted benzylamides of n-nonoic 
and A "-undecylenic acids They observed that while the vanillylamides 
of saturated phenyl fatt> acids were pungent, benzovanillylamide was only 
faintly so Cinnaniovanillylannde was practically tasteless, while its dihydro 
derivative w’as pungent. Some of the aliphatic add compounds were pun¬ 
gent, while others were practically devoid of pungency. Of the substituted 
benzylamides of the acids mentioned above, those containing phenolic 
hydroxyl groups were pungent, while methoxy and methylenedioxy 
compounds were tasteless. 

We have synthesised a number of acylated tsobutylamines to see if the 
pungency depends in any way on the lengths of the carbon chains, on the 
position of the double bonds, if any, and also on the character of the acids, 
aliphatic or aromatic or fat aromatic. 

Our conclusions are as follows :— 

(1) tsoButylamides of A^-heptenoic and A*-nonenoic adds are equally 
strongly pungent. n-Heptotsobutylamxie is next in order of pungency, 
which therefore decreases to soma’tgtent with «ata?atio* T • r 
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(2) Benzoirobutylamide is also very pungent but anisotsobutylamide 
practically devoid of ptmgeney. 

(3) The trobutylarnide of n-hexoic, A*-hexenoic, n-octoic, A 8 -octenoic 
and A 1 -decylenic acids are equally pungent but the pungency is of a lower 
order, 

(4) The irobuty lamide of A*-undecylenic acid is very feebly pungent 
hence the pungency decreases when the acyl chain is long and the unsatu¬ 
rated linking remote from the -N-CO* group- 

Experimental. 

n-H exoisobutylamide .—Caproic acid (1 mol., 12 g.) andthionyl chloride 
(8 c.c.) were taken in a flask (250 c.c.) fitted with a condenser, dropping 
funnel and CaCl* guard tubes. It was warmed on the water-bath and shaken 
from time to time until the evolution of gases ceased. The flask was cooled 
in ice and nearly 100 c c. of sodium-dried benzene were added. uoButylamine 
(2 mol., 15 g.) was added drop by drop from the tap funnel, the flask being 
vigorously shaken after each addition. It was allowed to stand overnight 
and then warmed on the water-bath for about 1 hour. After cooling, water 
was added and then the flask was warmed on the water-bath for about $ hour. 
Finally, the oily layer was extracted with ether and washed successively 
with water, very dilute hydrochloric acid, water, soda solution and finally 
again with water. After drying over anhydrous calcium chloride, the 
ether-benzene mixture was distilled off from a water-bath. The residue was 
kept in a vacuum desiccator for a day and then distilled at 136% mm. 
(Found : N, 8*22. CjoHaiON requires N, 8’ig pei cent). 

&*~Hexeno\sQbutylamide .—Hexenoic acid was prepared by condensing 
n-butylaldehyde with malonic acid in presence of piperidine and purified 
according to the method of Fittig (Ber., 1894, 27 , 2667). The acyl chloride pre¬ 
pared in the usual manner was condensed with tsobuty lamine without a sol vent 
as it was found thpt when anhydrous ether or benzene was used the yield of 
the amide was very poor. It boiled at i38°/4mm. (Found * N, 8 27. 

- C| 0 HiaON requires N, 8 28 per cent). 

n-Heptoisobutylamide.— w-Heptoic acid was prepared by oxidising 
oenanthol according to the method of Grimshaw and Schorlemmer ( Annalen , 
1873, 141). The chloride of the acid was condensed with ijobutylamine 

In presence of dry benzene. It boils at 130® 1 7 mm, (Found : N, 7*93. 

C| iHf aON requires N, 7*57 V* r cent)- 

A*-H eptenoisobutylamide .—Oenanthy Ik acid was converted into a. 
bromoenanthylic ester according to the method of Rupe, Ronus and Lotz 
(Bar., 3903, SI, 4268). The bromo-esterwas converted into A*. heptenoic ester 
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by the method of Crossly and LeSueur (J. Chem. Soc., 1899, 70 , 166). The 
hitter gave on hydrolysis heptenoic acid, b.p. 129-132°/20 mm. The amide 
was prepared in the nsual manner, b.p. 140° /4mm. (Pound: N, 7*49. 
CnHjiON requiresN, 7*65 percent). 

n-Octoiaobutylamide. —The chloride of caprylic acid was condensed 
with Mobutylamine in the usual manner, b.p. i55°/8mm. (Found : N, 7*32. 
CiaHjsON requires N, 7'03 per cent). 

A 9 -Ocicnoiaobulylamide. —Caprylic acid was converted into a-bromo- 
caprylic ester according to the method of Auwers and Bernhardi ( Ber ., 1891, 
Si, 2223) and the broino-ester converted into A*-octenoic acid according to 
Croseley and LeSueur ( loc. cil.). The ester gave on hydrolysis A*-octenoie 
acid, which was condensed with isobutylamine in the usual manner, b.p. 
150*74 mtn. (Pound: N, 7 22. C13H23ON requires N, 7*11 per cent). 

A a -Nonenoisobutylamide. —A*-Nonenoic acid was prepared according 
to the method of Harding and Weizmann (J. Chem. Soc., 1910, 97 ,301) and 
puriffed by the hypoiodous acid method (Bougault, Compt. rend., 1904, 189, 
864). The amide prepared in the usual manner boils at i7o e /7 n.m. 
(Found : N, 6'9o. Cj gHjaON requires N, 6'63 per cent). 

A-'-Decylcnoiaobutylamide. —Distillation of n-hexylparaconic acid, 
prepared according to the method of Pittig ( Annalen , 1885, 927 , 90) yielded 
A 3 -decylenic acid, the chloride of which was condensed with tsobutylamine, 
b.p. 155*74 min. (Found : N, 6 'o 6 . CmHjjON requires N, 6*22 per cent). 

£"-Undecylenoiaobutylamtde. —A"-Undecylenic acid was prepared 
from castor oil according to the method of Jones and Pyman (loc. cit.). 
A'-Undecylenoisobutylamide boils at 175*751001. (Pound: N, 5'89. 
CioHtsON requires N, 5'86 per cent). 

Benzoyl, anisoyl and cinnauioyl chlorides were condensed with isobutyl- 
amine in the usual manner. Bemoiaobutylamide, melts at 55 s (Found: N, 
8*13. C11H15ON requires N, 7 91 per cent). Anisoisobuiylamide melts at 
105-106® (Found : N, 6‘93. CuHj 7 O b N requires N, 6'76 per cent). 
Cinnamoisabutylamide melts at 214® (Found : N, 6.98. CuHxtON requires 
N. 6*90 per cent). 

The pungency was determined by Pearson’s method (loc. cit.) in each 
case. Alcoholic solutions (1%) of the compounds were prepared. From 
each solution, a known volume was pipetted out and diluted with, ah equal 
volume of alcohol. A few drops were placed cm the tongue and the result 
noted. The dilution was continued until a few drops when put mi the 
tongue did not produce any perceptible effect 

Chimcal Labokatoky, 

Univissity Colugs or Senna 
and Technology, Calcutta. - . . ■ ■ ■ ‘ • 



ON THE PHOTOBROMINATION OF ACETYLENE 
DICHLORIDE IN THE GASEOUS PHASE. 


By J. C. Ghosh, S. K. Bhattacharyya and 

M. L. Narasimha Mu^thi. 

\ 

It is well known that the unitnolecular velocity constant of decom¬ 
position of nitrogen pentoxide in the gaseous phase and in various solvents 
is the same at the same temperature. This relation also holds good in the 
case of another unitnolecular reaction—racemisation of pinene. But the 
number of cases, in which a comparative study of reactions in the gas 
phase and in solutions of some inert solvents has been made, is very small. 
In a previous paper (Z. physikal. Chem., 1936, B, 82 , 145) Ghosh and 
Bhattacharyya have studied the photobromination of acetylene dichloride 
in solution of carbon tetrachloride in 406, 436 and 546/1/1 and in the 
gaseous phase in 436/1/t only. They have shown that the kinetics of the 
photobromination are the same in the gaseous phase as well as in solution 
of carbon tetrachloride, only the reaction in the gas phase has been found 
to be about 30 times faster than that in solution of carbon tetrachloride. 

The object of the present investigation was to make a thorough 
comparative study of the same reaction in 546/1/1. 


Experimental. 

In these experiments the reaction was followed by measuring tie 
pressure change. The green light (546/1/1) was isolated from a mercury 
point-o-lite lamp by means of suitable “ Zeiss monochromat ” filters. The 
apparatus is shown in Pig. 1. The reaction vessel C is a quartz 
cylindrical cell with plane parallel faces fused on (xi cm. in length and 
a> cm. in diameter) and provided with two side-tubes bent at right angles 
and with ends grounded. One of the side-tubes is connected with the 
reservoirs of bromine and acetylene dichloride through vacuum stop-cocks 
>Tt, Ti, T» and T« and bulbs D| and D s by fine capillary tubings. 
AiwHmw connection is made to the pump through a stop-code T s . The 
‘ether aide-t&be is connected to the pressure gouge. 

The pressure gauge consists of a sulphuric acid manometer with a 
. bulb blown.in one end, which is connected to the pump through a stup- 
oaefe T 8 . Vacuum grease containing rubber was saturated with **»*■*»“ 
vapour for about a month before use. -■\;i 1 
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Fig. i 



[ A —reservoir of bromine , B —reservoir of acetylene dichloride, C— reaction cell; 
Fi— C11SO4 filter, Fj—Zeiss monochromatic filter, K—thermostat, L—convex lens, 
M—manometer, S—point-o-lite lamp, Tj-Tj— stop-cocks ] 


The reaction vessel is contained in a thermostat K provided with a 
quartz window W through which light falls on the reaction cell- The 
temperature of the bath was kept constant to within o'i°. 

The last trace of air was removed from the apparatus fay repeated 
washing with the vapour ai bromine and acetylene dichloride which do 
not react in the dark. 

Preliminary experiments showed that on an unclean surface there was 
sometime* no reaction end where there was a reaction it p r o cee ded 
irregularly. For this, the reaction vessel was carefully washed after each 
experiment with chromic add, caustic soda solution sad hydrochloric 
lUtlA with water, ether and pure carbon tetrachloride, 

ead then dried by sacking dear air through this by of an efficient 
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Merck’s extra pure " Reagent ” bromine and Kahlbaom’s acetylene 
dichloride were used throughout the investigation. 

The intensity of incident radiation was measured by means of a Moll 
thermopile and a Moll galvanometer, calibrated against a standard lamp 
tested by the “ Bureau of Standards". The intensity of absorbed radiation 
was calculated by knowing the intensity of the incident radiation from the 
existing data on the extinction coefficient of bromine in the gaseous state 
made by Gray and Style (Proc. Roy. Soc., 1930, AIM, 603). These 
authors found that the extinction coefficient of bromine vapour, 
calculated with the gram mols per litre as the unit concentration and 
using logarithm to the base 10, was 29-6 for 546/111. 


The Velocity Constant of the Reaction- 

The constants in these experiments are calculated according to the 
simple unimolecular equation, 


K 


2'3 

t 


log 10 


Po-x 


where p 0 denotes the initial partial pressure of bromine and p 0 —x, the 
pressure of bromine after time t seconds. 

All the experiments were done with the partial pressures of bromine 
less than its saturated vapour pressure at the same temperature, saturated 
vapour pressure of bromine being 26 45 cm. of Hg at 30 0 (Ramsay and 
Young, /. Chem. Soc., 1886, 49, 453). , .. 

It was always found that the values of K remained constant for 
sometime and then began to diminish slightly with time. This is probably 
due to the diminution of the concentration of the absorbing bromine. 


Effect of Varying the Concentration of Bromine on the Velocity 
of'Reactton. 

Table L 

A <= 546/1/*. Temperature “ 30°. I 0 —Intensity of incident radiation 
per sq. cm per sec. = 1488*5 ergs. P* Total gas pressure in cm. 0 i HtSQf 
p(Br s )=Partial pressure of bromine in cm. of HsSO*. /“Time in neca/tA t 
poi'BCn) and £oU) denote respectively the initial partial pressures of bromine 
and acetylene dichloride ip cms. of HjSO*. 
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A . ftlsrj) -1575 cm. of H* 80 4 ; B . ft(arj)»i2-4cm. <rfl|y804, 



PtM 

•40 cm. of 


*w 

••41-0 cm. 

0 4 „ 

* 

P. 

Til)- 

Kg x IQ*. 

P. 

fit**)- 

K$ *io». 

OiCC 

55*75 

*5*75 

... 

53*4 

12-40 

... 

tSn 

5*75 

*3*75 

75*4 

50*5 

* 0-95 

69*9 

1 360 

48*25 

12-0 

74*5 

47*9 

9*65 

69*6 

540 

45*25 

xo‘5 

74*4 

45*6 

850 

69*8 

7 20 

42*65 

9*2 

74** 

43*6 

7*50 

697 

900 

40-50 

8*025 

74*4 

419 

6-65 

691 

zofio 

38*31 

7*03 

74*o 

40*5 

5*95 

67-9 

1260 v 

3671 

6*23 

73*2 

39*3 

5*35 

66-6 

1440 

35’3* 

5*53 

72.4 


Kg x io* (mean) -69-3. 



K $ * 

10 s (mean) 

"74*3 



Similar 

readings 

were taken with 

othei initial 

partial 

pressures of 


bromine and the results are tabulated in the following table. 


Table II. 

PoM of acetylene dichloride=40 cm. of H # S 0 4 . C 0 of acetylene 
dichloride=ooo32M. [Br s ]=Initial concentration of bromine, Pofat) 
■ Initial partial pressure of bromine. f>36o(Br*)*Partial pressure of bromine 
after 360 secs. J 0 ■Intensity of incident radiation in ergs per sq. cm. per 
aec. —In tensit y of radiation absorbed in ergs per c.c. per sec. Hie 
si gnificance of K e will be found from the Discussion. 


A=54^. Io-h88‘s. 


Temp 

TBrJ 

Mol. 


Pmi * i)- 

K| x 10*. 

'ata 

Kg x xo 7 

3 °* 

0*000985 

12*4 

9*65 

69*3 

70*4 

838-0 

M 

0*00126 

* 5*75 

12*0 

74*5 

82*3 

821*4 

»• 

0*0016 

20*0 

* 4*95 

80*5 

94*5 

8390 

4 °* 

0*00x26 

* 5*75 

xo*8o 

*04-4 

fa *3 

tljup 
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Effect of Varying the Concentration of Acetylene Dichloridc on the 
Velocity of Reaction . 

Table III. 

A == 546/*/x. I 0 = 1488*5 ergs/sq. cm./sec. Temp.*30°. 
/>o(Bra) =: i27 cm. of H2SO4. />o(a)*“ 20 cm. of H9SO4. 


f. 

P 

pi Hr*)- 

Kg x io 5 . 

Kg x io*(mcan) 

0 sec. 

327 

12-70 

341 ° 

31*6 

180 

31*2 

u*c)5 



360 

29*6 

11-15 

.>61 


54 ° 

28-3 

10*50 

35’i 


720 

27-3 

10*00 

3.1*i 


900 

264 

9*55 

3i*5 


1080 

25*6 

9-15 

3° *3 


Similar 

readings 

were taken with 

other initial 

partial pressures of 

acetylene dichloride, keeping constant the initial partial pressure of bromine 

and the results are tabulated below. 





Table IV. 




Temp. = 30°. 

\=546^. 


[A] 0 = Initial concentration of acetylene dichloridc. 

Po( Br 2 )=i2-5 cm. 

of H2SO4. 

[BraJo - 

0*000985]^/. 

A'e x 10 5 / 0 . 

Kg x 10 7 

PtM fAJo 


Pmivri ). 

5 

MB* « 

Jo 

* 

20-0 O-O0I6M 12*7 

11*15 

36-1 1488-5 

7°’4 4297 

41*0 0*00326 12*4 

9*65 

69*6 

„ 821-4 

6o*o 0*0048 

12*4 

9*20 

82*8 

.. 9857 

20*0 0-0016 

12*4 

11*24 

27*2 744*3 

35’2 4^27 

400 0*0032 

125 

10*5 

48*6 »> 

.. 8237 



430 GHOSH, bhattachahyya aho kakasimha mtjkthi 


Quantum Efficiency of the Process . 

The calculation of the quantum efficiency has not much theoretical 
significance in this reaction, because the velocity observed is really due to 
reaction chains started by the Br atoms which attain a definite value at the 
stationary state. However, a comparison of the number of bromine 
molecules transformed per quantum of light absorbed in this reaction with 
that of reaction in the solution of CC 1 * may yield interesting results. 

At the beginning of the reaction we may take it that the reaction is 
represented by the equation 

Ax = K g [bt 7 ]AT. 

The significance of this equation will be found from the Discussion. 


Taking the case of /> 0 (a) = 4O cm. of H 9 SO< 

/>o(b*s) 856 12*4 cm. of H2SO4. [B^lo =0*000985 8- Mols/litre. 
K g =69*3 x 10’ 5 and A = 546 /x/z, 

Aa 

We get = 6*82 x io~ 10 Mols. per c.c per sec. 


A x m 


"6*82 x 6*o6 x io 13 = 4*i3 x io 14 Br 2 molecules per c.c. per sec. 

Again, the no. of quanta absorf)ed by 1 c.c. of the reaction mixture 

— ~ * *= — . , x 19*6 x 20 12 = 0-196 x io 14 . 

hv 3-6x10 1J * 


Hence the quantum efficiency (y) * = 21*1. 

0196 xio 14 - 


In Table V are given the quantum efficiency for different concentrations 
of bromine and acetylene dichloride at 30°. 

Table V(a). 


Temp. =30°. 


Brjl x 10 4 . 

fA©] x 10 4 

(I')--" 

(ty »»• 

7 . 


32*0 

4*’5 

i*q6 

21*1 

12*6 

32*0 

57*3 

2*28 

25 1 

16*0 

32*o 

78*6 

2*63 

29*9 

12*6 

32*0 

79*9 

2*28 
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Table V(6). 


[Brij x io*. 

[A]o x io*. 



7 . 

9' 8 5 

16*0 

21*7 • 

1*96 

11'0 

9'85 

3^*6 

4*’3 

1-96 

21*2 

985 

48*0 

4 y *7 

1*96 

25*3 

Q'Sj 

i6*o 

x 6*3 

0*98 

16-7 

9' 8 5 

32*o 

29*2 

0*98 

29*8 


The temperature coefficient is high. 


Comparison of the Reaction Velocity in the Gas Phase with that in 
Solution of Carbon Tetrachloride. 

The kinetics of the photobromination of acetylene dichloride in solution 
of CC 1 4 have been studied in 546/1/1, 436/1/1 and previously in the gas phase 
in 436/1/1 by Ghosh and Bhattacharyya (loc. cit.). They have shown 
that the values of velocity constant in the gas phase become comparable with 

those in the CC 1 4 solution only when * - A ~i becomes almost unity 

fv 4 + a 5 LAJ 

{vide the Discussion). 

This happens when [A] >o'oo45Af. The comparable results are 
tabulated in Table VI. 


Table VI. 



A. 

Temp. 

Phase. 

[A 0 i. 

Kc x io 7 

,i # 

7 aim 

Ratio 

gas 

CCI4 soli). 

(0) 

436 MM 

3 o° 

Gas 

0*0052 

1322*0 

32 


tt 

t* 

CC 1 4 

0*0045 

4 i *3 


<b) 

546 MM 

30 ° 

Gas 

0*0048 

9857 

47 


tt 

tt 

CCI4 

0*0054 

21*0 



From the above table it will be seen that in the case of 43 <W» the 

rat i 0 ig about 32, whereas in 546/^ this ratio becomes 

K e Jliu (CC 1 4 ) 

about 47. This divergence is due to the fact that in CCI 4 solution, the 
velocity constant in 436/^ is about 2 times greater than that in SAfiw, 
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whereas in the gaseous state the velocity constant in 436/*/* is only 14 
times greater than that in 546/4/*. 


Discussion. 

The reaction has the following characteristics :— 

(1) The reaction is unimolecular with respect to bromine (Table I). 

(2) The velocity constant falls slowly with time (Table I). 

(3) The velocity constant is directly proportional to the square root of 
absorbed energy (Table III). 

(4) The velocity constant diminishes with diminishing concentration 


of bromine and in fact 



remains practically constant for all con¬ 


centrations of bromine (Table II). 


(5) The velocity constant increases about 1*4 times for io° rise in 
temj>erature which is also the case in solution of CCl t (Table II). 

(6) The inverse of K plotted against the inverse of the initial concen¬ 
tration of acetylene dichloride gives a straight line (Fig. 2). 


Fig. 2. 


4 x icr 2 


3 x 10 5 


JXIO 


2 
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%» 

o 

M 

X 


1 
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O 


2 


4 


6 x 10 
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The exi>erimental data recorded above can be explained by the following 
mechanism of reaction:— 


Br, 

+ 

hv 

—> 

2Br 


</) 

Br 

+ 

Br 

-* 

Br, 


... (H) 

Br 

+ 

Br$ 

-* 

Br :( 


... (iii) 

Br s 



-* 

Br + 

Br, 

(iv) 

Br 3 

+ 

A 


ABr, + 

Br 

(v) 


where A represents the acetylene dichloride molecule. The above 
mechanism gives for 


A o 


LBr, | 


d[Brjjl __ , . a / faViN l\ r,[ A j _ 

dt V Nhv.K 2 ' 7 \' 4 + K : ,[ A] 


= A', 



Kd A] 

a\ + a 5 [ai] 


(a) 


where £ = N. /i.v. 


From («0 it follows that 


A <; 


plotted against 


[A*] 


must give a straight 


line which has t>eeu found to he true. 


The equation (a) also agrees well with the experimental observation 
recorded in Table Ill that A'varies as the square root of the energy of 
radiation absorbed. 

From Table VI it will be seen that under comparable conditions of 
experiment, the reaction proceeds about 47 times ( A = 546/4/1) faster in the 
gas phase than in CCI4 solution. 


The two intermediate association reactions 


Br + Br —> Br* 
Br 4 - Br 9 —► Br 3 


(u) 

(Hi) 
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require generally for fruitful collisions, the presence of a third body to carry 
away the excess energy. In the gas phase for the same amount of absorbed 
energy per c.c., the concentration of bromine atoms will necessarily be much 
larger than in the case of CC 1 4 solutions. 

The effect of the increased concentration of bromine atom is, however, 
counteracted by the retardation of reaction (iii) due to absence of the third 
body. An exact balance, however, is not attained, and the net result is 
that the velocity constant in the gas phase is much greater than in CC 1 4 
solution. 


Chemical Laboratory, 
Dacca University, Ramna, Dacca. 


Received June 29 , 1937 . 



POTENTIOMETRIC STUDIES IN OXIDATION-REDUCTION 
REACTIONS. PART III. REDUCTION WITH SODIUM 

SULPHITE. 

By Balwant Singh and Ijaz Ilahi Malik. 

Sulphurous acid and sulphites arc reducing agents. Dyinond and 
Hughes (/. Chew. Soc., 1897, 71 , 314) studied the reducing action of 
sulphite on acidified potassium permanganate solution. They found that 
the oxygen used was 90 to 95% of that required for the oxidation of sulphite 
to sulphate. They accounted foi this deficiency as due to the formation of 
dithionic acid, the potassium salt of which was isolated and analysed. The 
reaction is represented by the equation : 

i7H a SO s + 6KMn()< = 2K 2 S s O e + K 8 S0 4 + 6 MnS 0 4 4 6 H,S 0 4 4 - nH 9 0 . 

Alkaline solutions of sulphur dioxide were found by Gilles (Ann. chim 
phys., 1858, 88, 374), Fordos and Gellis (J. Pharm. chim., 1859, iii, 86, 
113) and Buignet (ibid., p. 122) to be almost completely oxidised to sulphate 
by permanganate; but in acidic solution about one-fifth is oxidised to 
dithionate. 

Hendrixson (/. Amer. Chem. Soc., 1925, 47 , 1319, 3156) studied the 
oxidation of sulphurous acid by dichromate, bromate and iodate in acid 
solution. The amounts of dichromate and bromate are less than those 
required by theory for the complete oxidation to sulphate. This discrepancy 
is regarded as due to the formation of some dithionic acid which resists 
further oxidation. On the other hand iodate oxidises the sulphite com¬ 
pletely to sulphate. The reaction with iodate is represented by the 
equations: 

10 ', + 3 S 0 "j = 3 S 0 \ 4 - V 

IO ' 3 4 - 6 H + + 5I' = 3 l* 4 - 3H3O 

3l$ 4 - 3 S 0 " s 4 - 3 H 8 0 = 3 SO% + 6H + 4 - 61 '. 

The oxidation is, therefore, effected by free iodine as in other ordinary 

iodine oxidations. 

Hendrixson (loc. cit.) has further shown that sulphite is quantitatively 
oxidised in acid solution by bromate, dichromate or permanganate on the 
addition of one-half equivalent of iodide to these oxidants. In the present 
investigation, sodium sulphite has been used as a reducing agent in acid 
solution in presence of an excess of potassium iodide to determine iodine, 
potassium dichromate, potassium ferricyanide, copper sulphate and hydro¬ 
gen peroxide by the potentiometric method. 
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Experimental. 

A known weight of sodium sulphite was dissolved in freshly boiled 
water and the solution kept under hydrogen in a vessel connected with a 
hydrogen generator and a burette. The strength of the sulphite solution 
was checked against standard iodine. 

A bright platinum foil dipping into a liquid in a titration vessel consti¬ 
tuted one-half element; the other was the saturated calomel electrode con¬ 
nected through an agar-agar—KC 1 bridge. The mixture in the titration 
vessel was thoroughly stirred and the k.m.f. of the cell was measured on a 
potentioinetrie scale after each addition of the titrant. 

The estimation of iodine was carried out by directly titrating it against 
the standard solution of sodium sulphite. In the case of potassium dichro¬ 
mate, potassium ferricyanide and copper sulphate, a known amount of each 
was mixed with an excess of potassium iodide solution, acidified and the 
liberated iodine titrated against the standard sodium sulphite. The titra¬ 
tions were conducted in the presence of carbon dioxide to prevent the atmos¬ 
pheric oxidation of hydriodic acid formed in the reactions. 

To titrate hydrogen peroxide it was first acidified and then mixed with 
potassium iodide solution. A few drops of ammonium molybdate were then 
added to catalyse the reaction. 

A series of potentiometric titrations were performed with different 
amounts of each substance. One titration for each substance, as typical of 
that set, is recorded in the following tables. 

Table I. 

Titration of 25 c.c. of N/20 iodine (0*1586 g.) against sodium sulphite 

(N/io*o8). 


Sodium 

E.M.F. 

E/C 

Sodium 

E.M.F. 

E/C 

sulphite* 

(volts). 

(m.volts/c.c.). 

sulphite. 

(volts). 

(m.volts/c.c A 

11*50 c.c. 

0*208 


12*60 

0*079 




16 

12*65 


140 

12*00 

0*200 


0*072 




27 


0*065 

70 

12*30 

0*192 


1275 




40 


0*058 

47 

12*40 

o*i88 


12*90 




5 ° 


0*048 

33 

12*50 

0*183 


13*20 


0*176 

140 



18 

»’55 


i 3 * 7 o 

0*039 
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Table II. 

Titration of K 2 Cr 2 0 7 (0-0613 S-) mixed with 50 c.c. of KI [N/10) and 
30 c.c. of H 2 SOi (10.V) against sodium sulphite (/V/11-40). 


Sodium 

E.M.F. 

FJC 

Sodium 

E.M.F. 

E/C 

sulphite. 

(volts). 

(in.volts c.c.). 

sulphite. 

(volts). 

(m.volts/c.c.). 

i3<oo c.c. 

0*171 

16 

14-20 

<'•143 

1660 

13-5° 

0-163 


74*25 

o-o6o 




20 



120 

13-90 

0*155 

25 

14-30 

0.05I 

80 

14-10 

0-150 

40 

14-40 

0-046 

5 ° 

14*15 

0-148 

100 

14-60 

0-036 

30 




15-10 

0-021 




Table in¬ 



Titration of potassium 

fer ricy an ide (o*4ioc) g.) mixed 

with 25 c.c. of KI (2 N) 

and 25 c.c. of HC 1 (5JV) against sodium sulphite (N /g-; 

2). 

Sodium 

E.M.F. 

E/C 

Sodium 

E.M F. 

EIC 

«ulphite. 

(volts). 

(111.volts c.c.). 

sulphite. 

(volts). 

(111.volts/r i\). 

nux> c.c. 

0-176 

M 

12*10 

0*151 

1^40 

11 * 5 ^ 

0-169 

20 

12.15 

0-069 

120 

11-70 

0-165 


12*20 

0.063 


25 



60 

11-90 

0*160 

30 

12-30 

0*057 

35 

I 2 -(XI 

0-157 

40 

12-50 

0*050 

28 

12-05 

‘>*155 


13*00 

0*036 



80 

13*50 

0-028 

16 




Table IV. 



Titration of CuSG 4 , 5H 2 < ) (0 2050 g.) mixed with 25 c.c. 

of KI (2 K) 

and 5 c.c. of H 2 SQ 4 (A?) against sodium sulphite (A 7 / 

11*36). 


Sodium 

E. M. F. 

EIC 

Sodium 

K. M r. 

EC 

sulphite. 

(volts). 

(m.volts/c.c.). 

sulphite. 

(volts). 

(m.volts/c.c.). 

7-90 c.c. 

0-204 

16 

9*35 

0-072 

80 

8-40 

0-196 

24 

9-40 

o*o68 

60 

8-90 

0-184 

9*45 

0*065 



35 


0-060 

50 

9-10 

0177 


9*55 

25 


5 ° 


0*055 

9-20 

0*172 

60 

975 

18 

9 ’25 

0-169 

6m 

10-25 

0-046 

12 

9 * 3 <> 

0*166 

1880 

io*75 

O'Ot 



f> 
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Table V. 


Titration of H$0 9 (25 c.c., 0 0275 ^ —0*0117 g.) mixed with 10 c.c. of 
H2SO4 (A 7 ) and 13 c.c. of KI (<V) against sodium sulphite (A 7 /g*6o). 


Sodium 

K. M. F. 

FJC 

Sodium 

K. M. F. 

E/C 

sulphite. 

/volts). 

<m. volts /c.c.L 

sulphite. 

/volts). 

(m.volts/c.c.). 

5-00 c.c. 

0-247 







6 




5-50 

0-244 

10 



180 

6*oo 

0-239 


6-65 

0-063 




20 



60 

6*20 

0*235 


6-70 

0-060 




40 



50 

6*40 

0-227 


6-8o 

0*055 




80 



27 

6*50 

0219 


7-10 

0-047 




160 



16 

6*55 

o*2II 


7-60 

0-039 




2780 



11 

6-6o 

0*072 


8-6o 

0-028 



The curves for the above titrations are giveu in Fig. 1. 


Fig. i. 



Curves 1—5 refer respective!} to K^Cr^O7, 1 2 , KjFe/CNjg. CuS 0 4 , .sII^O and II 2 0 2 . 


Discussion. 

With the addition of standard sodium sulphite solution, the e.m.i\ 
decreased steadily till the equivalence point. At the equivalence point 
there was a sharp jump in potential in each case. For the addition of 
0 05 c.c, of titrant, the inflection potential was of the order of 97, 83, 82, 
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94 and 139 millivolts for iodine, potassium dichromate, potassium ferricyanide, 
copper sulphate, and hydrogen peroxide respectively. After the equivalence 
point, there was again a fall in the potential which became steady on further 
addition of the reagent. 

From the volume of the sodium sulphite solution required in each 
titration corresponding to the equivalence point, the amount of the substance 
was calculated. The values obtained are compared with the amounts of 
the substance taken as shown in Table VI. 




Tabi,e VI. 


Iodine 

IY>tassium dichroniate 

Potassium ferricyanide 

Taken. 

Pound. 

Taken. 

1‘ound. 

Taken. Pound. 

0-1586 g. 

0*1584 g. 

0*0613 g 

0-0612 g. 

0*4209 g. 0*4108 g. 

0*1921 

0-1920 


0-0971 

0-6322 0*6320 

0-2230 

0-22»l 


0*1245 

0-9271 0*9271 

0-2514 

0*2512 

o-l688 

0-1689 

1*1244 1*1242 

Copper sulphate 


Hydrogen peroxide 

Taken. 

Pound. 


Taken. 

Found. 

0-2050 g, 

■ 0-2051 g 


0-0117 g 

0*0x16 g. 

0-4382 

0-4382 


0-0328 

0-0325 

0-6917 

0-6918 


0*0574 

0-0572 

o *8543 

0-8542 


0.0765 

0*0764 

These results 

show that iodine, 

potassium dichromate, potassium ferri- 


cyanide, copper sulphate and hydrogen peroxide can lie detei mined 
quantitatively by the potentiometric mettled. 

We wish to express our best thanks to Prof. H. B. Dunnicliff for his 


kind interest in this work. 

Department or Chemistry, Received June 30, 1937. 

Government Coiibc.k, 

University ok the Panjab, 

Lahore. 



ON THE CONSTITUTION OF ERDMANN’S SALT. PART I. 

By Bhabes Chandra Ray. 

As early as 1866 Erdmann described the ammonium tetranitro-diammine 
cobaltiate in which the two ammonium groups might have taken the two 
adjacent or remote positions yielding in the first case a * cis ' and in the 
second a ‘ Irans ’ compound. The problem of determining the constitution 
of Erdmann's salt was taken up by Shibata and Maruki (/. Coll. Sci. Imp. 
Univ. Tokio , 1017, 41 , No. 2,1). They prepared the oxalato-dinitro- 
diammine cobaltiate according to the method of Jorgensen. Theoretically 
this compound may have any of the following three constitutions. 


NH 3 /V// 3 AT/3 



(/vNitro-< /.s-ntimionin. cff-Nitro-fraris-anuuoiiia. Paas-Nitro-c/s-ammoiiia. 

(I) (II) (III) 

Shibata and Maruki (loc. cit.) claimed to have resolved the oxalato- 
dinitro-diammine salt, a fact from which it follows that (I) is its con¬ 
stitutional formula. Riesenfcld and Element undertook the problem but 
could not resolve the compound. From this fact, as also from other chemical 
reactions they decided the original Erdmann’s salt to have a /mns-ainmonia 
constitution (/. ancig. Client., 3922, 124 , 1). Thomas ( J . t hem. Soc ., 1923, 
123 017), however, prepared the oxalato-dinitro-diammine complex and, 
by fractional crystallisation separated two sets of crystals, ( i) rhombohedral, 
the less soluble variety and («) monoclinic, the more soluble one. Thomas 
resolved the rhombohedral variety into its optical antipodes but could not 
separate the solid active form. The monoclinic variety could not be 
resolved and Thomas (loc. cit.) quite arbitrarily represented it by (III), 
without considering the possibility of the formation of (II). 

In view of the contradictory statements regarding the resolvability of 
the oxalato-dinitro-diammino cobaltiate the works of the earlier authors 
were closely repeated. But neither the rhombohedral nor the monoclinic 
variety was found to be resolvable. Besides, the potassium salt from both 
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the varieties on treatment with ethylenediamine, yielded the same insoluble 
non-electrolyte. This, however, supports Riesenfeld s view. 

As a result of the study of absorption spectra, it has been generalised 
that where there is a pair of Ataws-nitro group in the cobaltammine complex, 
three distinct absorption bands appear in the spectrum at about 2000, 3000 
and 4000 frequencies (expressed in terms of wave-number per mm.). The 
ds-nitro complexes, however, lack in the l>and at extreme ultra-violet 
the frequency of 4000 (Shibata, /. Cpll. Sci. Imp . Univ. Tokio , 1915, 87 , 
No. 2, 1). The structure of the monoclinic variety was attempted 
to be determined from the standpoint of the above generalisation. It has 
been found to have a d5-nitro-/raws-ammonia constitution like (II) {vide 
experimental). 

From a careful consideration of the spcctrographie and chemical 
evidences it appears that both rhombohedral as also the mouoclinic varieties 
have identical structures, namely the cis- nitro and ira ns-ammonia groupings. 
The tv\o sets of crystals would then indicate the allotropic modifications of 
t he oxalato-dinitro-diammine cobaltiate. Thus assuming that during reac¬ 
tions no rearrangement of groups takes place, it can be well inferred 
that the original Erdmann salt is a frans-ammonia-ds-nitro compound 
and should 1:>e represented as : 





(IV) 

From measurements of crystal structure of the silvci tetrauitiodiammine 
cobaltiate by the -Y-ray method, Wells lias shown recently that the two 
ammonia groups are in the *ra^-position {/. Krisl ., 1936, 98 , 74). 

Experimental*. 

Barium Oxalato»dinitrodiammine Cobaltiate .—Two samples of ammoni¬ 
um oxalato-dinitro-diammine cobaltiate were prepared separately according to 
the methods of (*) Jorgensen (Z. anorg. Chem. t 2896, 11 , 440) and (ti) 
Ri esenf eld and Klement (loc. cit.). The hot saturated solution of the 
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aninionium salt was then treated with calculated quantity of barium 
chloride. ()n stirring the barium salt separated out. It was filtered, 
washed and recrystallised from water several times. 

Fractional Crystallisation of the Barium Salt. —The barium salts were 
both subjected to fractional crystallisation whence a rhombohedral set of 
crystals formed the head and the monoclinic the tail fractions. 

Reaction of Potassium Salt with Ethylene diamine. —To a solution of both 
the rhombohedral and monoclinic variety of the potassium salt, obtained 
from barium salt by treating the latter with potassium sulphate, ethylene- 
diamine (just sufficient to replace the two ammonia molecules) was added. 
The solution was heated on a water-bath until the evolution of ammonia 
ceased. Insoluble brown precipitates containing ethylenediamine, nitrous 
acid, ammonia and colialtic cobalt separated from both’ the rhombohedral 
as also the monoclinic variety. The salts were separately analysed and 
found to be identical. (Found : Co, 21 57 ; Cj<> 4 , 15 9. Reisenfeld and 
Klement's CogEngtNOaU (NH.Og C 2 <>4 requires Co, 21*69 ; C 2 (> 4 , 16*17 
per cent). 

Preparation of Strychnine Salt and Polarimctric Observation. —The 
barium salts of the complex cobaltiates were separately converted into 
strychnine sulphate and in each case the products were collected frac¬ 
tionally. Pure analysed samples of the strychnine salts of different 
fractions were tested in a polarimeter. Every sample gave exactly the 
same value for specific rotation (1% soln. in a 2 dm. tube [a];", -42*5). 
These different samples of strychnine salts were next treated with potassium 
iodide and after separation of strychnine iodide, the pure potassium salt 
was isolated (2 dm. of 1% solution of the potassium salt gave no rotation 
at all when tested polarimetrically). 

Preparation of the Compound f-[CoEn s ] [Co(N() 2 ) 2 C 2 0 4 (NH 3 ) 2 '], 
6H$<).—To a saturated solution of the oxalato-dinitro-diammine cobal- 
tiate was added a concentrated solution of the calculated quantity of hevo 
(CoEnp) Br 3 , 2H 2 (). Immediate precipitation of /-CoKn 3 , Co (N() 2 ) 2 , 
C 2 0 4 (NH 3 ) 2 , 6H 2 0 occurred. The precipitate was filtered, washed, and 
rccrystallised from hot water. (Found : Co, 20*31 ; NH 3 , 8*71 ; Total N, 
21*66. Calc. : Co, 20*24 ; NH 3 . 8 74 ; Total N, 21*61 per cent.). 

Polarimctric Investigation of the Salt. —The trietbylenediammine base 

was precipitated with the help of a calculated quantity of Na^TCo/§£t?^ 2 "T 

L (Cr0 4 J* 

I2H 2 0 and the precipitate immediately filtered by low suction. The 
residue was repeatedly washed with water, the filtrate and subsequent 
washings being collected in a measuring flask. The solution having a 
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theoretical concentration of i% was tested in a 2 dm. tube polarimetrically. 
Absolutely no rotation could be detected. 

Constitution of the MonocJinic variety of Oxalato-dinitro-diamminc 
Cobaltiatc from Spcctrographic Evidinccs .—For comparing the validity of 
Shibata s generalisation with regard to the position of absorption maxima 
and the nitro groups, the ultra-violet absorption of the Flavo, Croceo and 
sodium cobaltinitrite etc., have been studied, in addition to those of the 
rhombohedral and monoclinic varieties of the oxalato-dinitro complexes. 

Cone. = AT/10,000. Time of exposure=2o sec. for soln. ; 10 sec. for arc ; 

5 sec. for scale. 

Arc used—Iron Arc. 

(Observations made by varying the length of columns in Italy's Tul>e) 


Substance. 

Absorption 

band 

between. 

Wave¬ 
number 
per mm 

Na-cobaltinitrite 

2640-2650X 

37 *i 


3320-3350 

2999 


4700-4800 

2105 

r/s-Dinitro- 

tetrammine 

Absent 



332 o- 335 () 

299 o 


4650-4 7<x> 

2139 

tra uMIinitro 
tetrammine 

2430-2450 

4<»99 


3320-3340 

3 f) °3 


4650-4 700 

2139 


Substance. 

Absorption 

band 

between. 

Wave¬ 
number 
per nun. 

Erdmann’s salt 

2430-2450X 

4099 


3320-3350 

2999 


4650-4700 

2139 

Oxalato-dinitro- 

dianimine (prepared 
accordtng to Riesen- 
feld’s method) 

Absent 

3320-3350 

2099 


47 (X)' 48 oo 

2103 

Oxalato-dinitro- 
dianimine (rhombo- 
liedral) 

Absent 

3320 - 335 ° 

2999 


4700*4800 

2103 

Oxalato-dinitro diatn* 
mine (monoclinio) 

Absent 



3320*335° 

4700-4800 

2999 

2103 


In conclusion the author wishes to express his grateful thanks to 
Dr. P. B. Sarkar for his kind interest in the work and facilities of his 
laboratory. 

Inorc.anic Chemical Laboratory, 

University College of Science. Received December u, 1936 

Calcutta. 




ON THE ATOMIC SUSCEPTIBILITY OF DIVALENT COPPER. 


By S. S. Bhatnagae, H. Lesshkim, and Mohan Lai, Khanna. 

The susceptibilities of the various cupric salts were measured with the 
help of Gouy's balance. The sample was placed in a tube between the poles 
of a strong electro-magnet and the force exerted by the magnet was mea¬ 
sured by means of an analytical balance- In those cases, in which the 
measurements had to be taken at various temperatures, a furnace made of 
nichrome wire on mica plates was placed between the poles of the magnet 
and the balance was standardised separately for every temperature employed. 
The temperatures were takeu by a standard thermometer reading tenths of a 
degree Centrigrade. 


Cupric Fluoride ( anhydrous), 
CuF 2 - 

l/ *A 


Temp. 

x*io* 

X M xio*. 

*a k,g *- 

Obs. 

Calc, 

3 o 5 ' 5 °K 

I 5 ’i 9 i 

W 9 

1554-9 

643 -I 3 

64313 

328*4 

14-004 

1432*4 

1434-4 

697-15 

697-12 

347*5 

13*135 

1334 * 1 

1346-1 

743'45 

744-<*3 

368-2 

12*258 

1246*3 

12583 

794-73 

794-50 

383*0 

11*725 

1190-9 

1202*9 

831-32 

831-21 

403*0 

11*062 

1123*5 

XI 35*5 

881 '04 

881-04 


The reduction of the molar susceptibility to the atomic one for copi>er 
was done by deducting Pascal’s value ( cf . Stoner, “Magnetism and Matter”, 
1934. P- 47 °) of -6xxo -6 for fluorine. The perfect]'agreement be¬ 
tween the measured atomic susceptibilities and the calculated ones show that 
the Weiss-Curie law is strictly obeyed. 

The Curie temperature is 0 = +45'6"K, the Curie constant is 0*4052, 
giving 1‘8 Bohr magnetons for copper in CuF 2 , 
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Cupric Hy dr o-ar senile. 
CuHAs() 3 . 

x/ *a . 


Temp. 

X * 10*. 

Y X 10®. 

*M ' 

X A * 10®. 

Obs. 

Calc. 


6827 

I28o*4 

1334*5 

749*34 

749-34 1 

32*-3 

6*401 

1200.5 

1254*6 

797*08 

797-36 

336*1 

6*282 

I178*I 

1232-2 

811*56 

8l3*10 

347-5 

6 090 

1I42*0 

1196-1 

836*04 

836*IO 

357*2 

5 * 9-19 

1115*6 

11697 

854*89 

855-66 

368-1 

5787 

1085*3 

1139-4 

877*66 

877-66 J 


The atomic susceptibility was obtained from the molar one by employ¬ 
ing Kido’s value (Sci. Rep. Tohoku Imp. IJniv., 1933, 22, 835) of *~5i"20 
x io~ 6 for the arsenite radical and Pascal’s value ( loc. cit.)oi — 2*95 x io“ 6 for 
hydrogen. The observed and the calculated values are again in accord with 
each other. The Curie temperature is 0 = -67*o°K, the Curie constant, 
0*4956, corresponding to 2*0 Bohr magnetons. 


Cupric Ortho-arsenate. 

Cu 3 (AsO 4 ) 2 ‘4H 2 0. 

I/X A 


Temp, 


x M * 

X A x io 6 . 

Obs. 

Calc. 

3<M*3 # K 

7*593 

4105*5 

3423-0 

702*48 

702481 
j 

328*1 

7-062 

3818-5 

1327-9 

753*05 

753* 17 1 

1 

335*9 

6*go$ 

3734*9 

1300*1 

769-18 

76979 1 

347*3 

6*68l 

3612*5 

1259*3 

794-08 

< 

79407 

358*3 

6-490 

3509*1 

1224*8 

816-45 

817-50 

368*4 

6-307 

3410*3* 

1191-9 

-839*02 

839-02 ) 
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The molar susceptibility was reduced to the atomic one with the help 
of Kido*s value (loc. cit.) of—56*7 x io‘ c for the arsenate radical and Pascal's 
value of -130 x io“ 6 ( loc * cit ) for the water of crystallization. The Curie 
temperature is 0 = -24*3°K, the Curie constant, 0*4695, from which n ■■ 
1*95 Bohr magnetons. 


Other Cupric Compounds . 

The follow ing cupric salts were measured at only one temperature 
(17C 0 ) in order to obtain their magneton numbers; measurements at 
several temperatures were not possible, because the salts decomposed. Effec¬ 
tive magneton numbers were calculated under the assumption of the validity 
of Curie’s law. The values obtained from the various compounds are in as 
good an accord w ith each other as can be expected under the circums¬ 
tances. 


Compound 

Temp. 

X x if)*. 

y x 10®. 

X A X IO 6 . 

^fL 

Cu(IICOO), 

290 °K 

8-8o 

1351-6 

1385-6 

i-8o 

CuClj-aKCl 

290 

475 

1347-1 

1464*2 

1*85 

CuC1,-2NH 4 C1-2H,() 

290 

5 - 3 i 

1473-5 

1608-1 

i *94 

CuC 1,-2NH 3 . 

290 

8-27 

1394-0 

1463*0 

1*85 

[Cu(NH,) 4 ]S 0 4 -H,0 

290 

5 70 

1400'g 

1 5 t, 5 ’ 1 

i*88 

[Cu(NH,) 4 J (NO,), 

290 

5*62 

1437*1 

1523*1 

1-89 


The compounds investigated are most probably all of them co-valent, 
but for the following discussion this is immaterial ; the situation is precisely 
the same for electro-valent or co-valent linkage. 

Two of the electrons of the copper atom form diamagnetic combinations 
with the valency electrons of the negative radical, and the resulting para- 
magnetism is due to a core of the copper atom with 27 electrons in d 9 *D ft /2. 

Theoretically (Van Vleclc, “ Electric and Magnetic Susceptibilities”, 
Oxford, 1932, Chapter XI) the number of Bohr magnetons should be given 
by the equation, 




V4S(S+i) + L(L + 1 ) 
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from which for a *D term n — 3'o Bohr magnetons. On the other hand, if 
according to Van Vleck’s theory the orbital moment is quenched, one 
should obtain 


ft = V4S(S+1) 

which yields n - 1*73 Bohr magnetons. 

The values obtained here vary between i*8 and 2*0 magnetons. In 
consideration of the fact that some uncertainty as regards the correction due 
to the negative radical cannot be avoided, these values are in a good enough 
agreement with each other and show, that in the case of cupric salts the 
orbital magnetic moment is almost completely quenched and that in accord¬ 
ance with the results of Klemm and Schuth (Z. Electrochem., 1932, 
88 , 621) there is no difference in the magnetic state of the copper atom 
either in simple or in complex compounds. At the same time the 
values are fully in accord with those obtained by other authors [of, 
table in Sugden, /. Chem. Soc., 1932, 164). 


University Chemical Laboratories, 
Lahore. 


Received July 15 , 1937 . 



A NEW SYNTHESIS OF CARONIC ACID. 

By Ranajit Ghosh. 

Caronic add has been synthesised by Perkin and Thorpe (]. Chcm. Soc., 
1899, 78 , 48), Kotz (J. pr. Client., 1907, ii, 78 , 501), Fanner and Infold 
[J. Chem. Soc., 1920, 117 , 1362), Kon and co-workers [ibid., 1921, 119 , 
13x6) and recently by Guha and Saukaran (Current Science, 1937, 8 , 388). 

The present papers describes another synthesis of caronic acid by the 
following method : Ethyl a/J-dibromo-/J/ 3 -dimethylpropionate (I), prepared 
from ethyl $8-dimethylacrylate (Prentice, Annalen, 1896, 292 , 273) was 
allowed to react with ethyl malonate in presence of sodium cthoxidc, when 
ethyl 2:2-dimethylcyc/opropane-i:i:i'-triearboxylate (II) was obtained. The 
ester on hydrolysis with alcoholic potash gave the tricarboxylic acid 
which was slowly heated to 200° when it lost carbon dioxide and 
passed into the caronic acids (III). The caronic acids were separated 
according to the method of Perkin and Thorpe Hoc. cit.). The hydrolysis 
of the ester (II) with hydrochloric acid was, however, attended with the 
formation of terebic acid (IV), probably via caronic acid, conversion of which 
into terebic acid in presence of halogen acids is well known. 


Me 2 C = CH'C 0 2 Et Br, Me a c— CITC 0 2 Et Malonic ester 


Br Br 


7 ? 


Sodium ethoxide 


(i) 


Me s c -CH'COsEt Alkaline hydrolysis Mc 2 C - CH‘CO s H 

\/ - > ^ / 

C 


/\ „ 
Et 0 2 C C 0 2 Et 


\/ 

CH 

\ 

co 2 h 


III) 


HC 1 


Me*C-CH-COjH <- 


0 CH a 

\/ 

CO 


HC 1 (HI) 


(IV) 
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It may be mentioned here that ds-caronic acid has been isolated n 
good yield by this method, the amount of frans-caronic acid formed simul¬ 
taneously being very small. 

Experimental. 

Preparation of Ethyl 2 : 2 -Dimclhylcyc\opropanc-i:i:i f -iricarboxylate (II). 
—Ethyl malonote (34 g.) was added in the cold to the solution obtained 
bjr dissolving sodium (5 g.) in absolute alcohol (70 c. c.). Ethyl a/?- 
dibromo-^)8-ditaeth>lprox)ionate (30 g.) v\as slowly added to the mixture and 
the reaction flask was cooled rn a current of ice-cold water. When the 
addition of the dibronio ester was complete, the reaction was 
allowed to proceed under reflux on the water-bath for 3 hours. The 
alcohol was then distilled off as far as possible and the residual mass was 
treated with water and extracted with ether. The ethereal solution was 
washed with water, dried over calcium chloride and distilled in vacuum 
after removal of ether. After a considerable amount of malonic ester was 
distilled off, a colourless oil, which after repeated fractionation boils at 
142-46°/5 mm., and at 153 % mm., was collected. [Found: C, 5S'6; 
H, 7*9; M. W. (cryoscopic in lienzene), 2S0. Ci 4 H2oO g requires C, 58*7 ; 
H, 7*7 per cent. M. W., 286]. 

Alkaline Hydtolysis of (II) ; Isolation of Caronic Acids (III).—The 
above tricarboxylic ester (10 g.) was treated with alcoholic potash (10 g. in 
100 c.c. of ethyl alcohol) and refluxed on a water-bath for 12 hours. 
Alcohol was then removed as far as possible and the residual mass 
treated with water. The alkaline solution was extracted with ether. The 
aqueous alkaline solution wab then acidified with hydrochloric acid and 
extracted with ether. The ethereal layer on drying with anhydrous sodium 
sulphate and distillation left a residue which solidified on keeping. The 
whole of the residue was slowly heated to 200° during which carbon dioxide 
was eliminated. The mass was then treated with excess of aqueous 
ammonia and evaporated to dryness. The dried ammonium salt was ex¬ 
tracted with alcohol leaving a small amount (A) insoluble in the solvent. The 
alcoholic solution was treated with ether and the precipitate collected, dissolv¬ 
ed in water, acidified and extracted several times with ether. The ether 
solution on evaporation left a residue w T hich when crystallised from water 
melted at 176° (ds-caronic acid, m. p. 176° ). (Found : C, 52*96 ; H, 642. 
Calc, for C7II10O4 : C, 53*16; H, 6*33 per cent). The properties of synthe¬ 
tic ds-caronic acid are identical with those described by Bayer ( loc . cit.) 
and Perkin and Thorpe (loc. cit.). 
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trans-Caronic 'Acid. —The insoluble portion (A) mentioned above was 
dissolved in water, the solution acidified with hydrochloric acid and repeated¬ 
ly extracted with ether. The ethereal solution was then evaporated and the 
residue crystallised from water, m. p. 213 0 . (/rans-caronic acid, in. p. 
213 0 ). (Found: C, 53*01; H, 6*47. Calc, for C7H10O4 : C, 53*16; 
H, 6*33 cent). 

Acid Hydrolysis of (II) : Isolation of Tercbic Acid (IV).—The tricar¬ 
boxylic ester (5 g.) was boiled with hydrochloric acid (d 1*19, 30 c.c.) and the 
solution was evaporated to dryness. The residue was crystallised from 
water, m. p. 174°. [Found: C, 532 ; 11,6*4; Kquiv. (in the cold), 156, 
C7H10O4 requires C, 53*16; H, 6 3 per cent. Kquiv., 158). The ammonium 
salt of this acid in alcohol cannot be precipitated by ether. 

Action of Hydrochloric Acid on cis- and trails -Caronic Acids. —The 
acids were separately boiled with hydrochloric acid (d 1*19) and the result¬ 
ing product was isolated as above. The acids melt at 174 0 and a mixture with 
terebic acid from the above experiment had the same 111. p. A mixture of 
terebic acid obtained by these methods and caronic acid, however, melted at 
a lower temperature. 

In conclusion I wish to express my sincere thanks to Sir P. C. R&y, for 
his kind interest in this investigation and for placing the resources of his 
laboratory at my disposal. 

Paut Research Lauoratory, 

University College ok Science ano Received July 17,1937. 

Technology, Calcutta. 



EFFECT OF THE SIMULTANEOUS ACTION OF RADIATIONS 
OF DIFFERENT FREQUENCIES ON THE BROMINATION 
OF CINNAMIC ACID AND STILBENE. 

By J. C- Ghosh, S. K. Biiattacharyya and M. L. Narasimha Mcrthi. 

The simultaneous action of radiations of different frequencies on photo¬ 
chemical reactions has already been studied in many cases and the results 
so far obtained may be classified into three groups: 

(i) Reactions in which the simultaneous action of radiations of 
different frequencies produce an effect which is equal to the sum of the 
effects of the individual radiations, e.g., the oxidation of quinine by chromic 
acid studied by Outlier and Forbes (J. Anier. Chem. Soc., 1909, 81 , 770) 
and the bromination of toluene by Bruner and Czarnecki (Bull. Acad. Sci. 
Cracow, 1910, 5x6). 

(it) In a fairly large number of cases it has been found, however, 
that the combined effect of two radiations is less than the sum erf the 
individual effects- This has been encountered in the bromination of 
cinnamic acid in carbon tetrachloride, alcohol and benzene solutions, studied 
by Plotnikow (Z. physikal. Chcm., 1912, 79 , 641), in the photochemical 
oxidation of hydriodic acid by oxygen in aqueous solutions by Padod and 
Mbs Vita (Gazzctta, 1924, 84 , 147), and in the oxidation of oxalief add by 
ferric chloride by the latter authors. They have also observed the 
diminished effect in the bromination of cinnamic acid in chloroform and 
carbon tetrachloride solutions (Trans. Faraday Soc., 1925, 21 , 573) 
and in the absorption of carbon dioxide by green plant (Gazzetta, 1928, 
88 , 647). Recently Ghosh and Bhattacliaryya (Z. physikal. Chem., 1936, 
B 31 , 420) have shown that in the oxidation of mandelic acid by bromine 
the combined effect of two radiations is less than the sum of the individual 
effects. 

(itt) As examples of reaction, where the combined effect of two radiations 
is greater than that given by the additive rule, may be mentioned the 
photosynthesis of hydrochloric acid by Padoa (Z. physikal. Chem., 1926, 
180 , 202), the isomeric transformation of o-nitrobenzaldehyde to o-nitroso- 
benzoic acid by Weigert and Kummerer ( Ber ., 1913, M, 1*07), and the 
photolysis of potassium ferric oxalate by Allmand and Webb (J. Chem. 
Soc., 1929,1518), the decompositon of ammonia by Kuhn ( Compt. rend., 
1923, 177 , 956) and the reactions between iodide and various salts of sodium 
and potassium, and between oxalic acid and chromic acid, potassium 
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permanganate, ami between bromine and sodium potassium tartrate studied 
by Mukherjee aud Dliar (/. Phys. Client , 1029. 33 , S50). Hut a (jumititati\e 
explanation of the observed results lias rarely been attempted. In the 
oxidation of mandeiic acid by bromine, Ghosh and Hhattaclmryya (loc. cit .) 
have established a detiuite relationship between the combined effect and 
the individual effects of two radiations of different frequencies. 

The object of the present investigation is to find out whether any 
definite relationship exists between the combined effect and the individual 
effects of two radiations of different frequencies in the bromination of 
cinnamic acid and also stilbene. The kinetics of the bromination of cinnamic 
acid and stilbene in 546^94 and 536/A/x were studied by Herthoud ( 1 'rans . 
Faraday Soc. t 1925, 21 , 554), and notably by Ghosh and Purkayastha 
{]. Indian Chcm. Soc. t 1925, 2 , 261 ; 1927, 4 , 409, 553). These 

photochemical reactions are peculiar in some respects. They are unimole* 
cular with respect to bromine but there is a slight diminution in the value 
of the velocity constant with increase in time. 


Expkrimbnta i.. 

The source of radiation was a quartz mercury point-o-iitc lamp, run 
at a constant current of 2 3 amperes and at a constant voltage of 35 volts. 
A parallel beam of light was obtained by placing a convex lens at its focal 
length from the lamp. The reaction cell (1*5 cm. x 1*5 cm. x 0 5 cm. in the 
case of cinnamic acid and 1*8 cm. x 1*8 cm. x 0*5 cm. in the case of stilbene) 
made of plane glass plates fused into one another with a stopper at the 
top, was placed inside a double jacketted metal box with two windows 
side by side, one for the passage of light of one frequency, and the other 
for light of a different frequency. The temperature was kept constant by 
passing, with the aid of a circulating pump, water from a thermostat 
through the annular space of the box. The light l>eam was passed through 
the glass cells Cj and C 2 , each 2 cm. thick, containing a 2% solution of 
copi>er sulphate to cut off the heat rays and then through the filters Fi and 
F* for making the light monochromatic. The following filters were 
used : 

(/) for : mercury violet 

{il) for : Zeiss monochromatic blue filter C 

'Hi 1 for 546ft u : Schott and Oen Green VO I, 

For intensity variation "Nitra glass’’ filters were used. 

The following arrangement was adopted for the simultaneous action 
of two radiations of different frequencies on the reaction mixture contained 

2 
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in the reaction cell. A beam of light passing through the filters Ci and 
F| was reflected by a plane glass iniror M| at an angle of 45 ° and then 
passed through the stoppered rectangular cell C Similarly a beam of 
light of a different frequency passing initially thiough the filters C2 and 
F s (through the other window of the metal box) was reflected on to the 
reaction cell by the mirror M 2 - The relative j»ositioiis of the mirrors and 
the icaction cell are closely shown in Fig. 1. 


Fig. 1 . 


*.«r * Aiftt 



C—Reaction cell, Cj, C 2 —C'uS< ) 4 filters, Iq, 1*2-monochromatic filters; 

S -(juart/ p >int-o litc lamp , W—douh'e jacketted metal box 

The intensity of the absorlied radiation was measured by means of 
a Moll thermopile and Moll galvanometei calibrated by means of a standard 
lamp supplied by the “Bureau of Standards”. The intensity of the incident 
radiation was found by observing the deflections produced by the mono¬ 
chromatic radiation after passing through the solvent alone. The intensity 
of the absorbed radiation w as calculated fiom the data of the molecular 
extinction coefficient of bromine found by Ghosh and Bhattacharyya 
(Z. physikal. Chcm 1036. B 32 , 145). (molecular extinction coefficient) 
as found by them is 26*5 foi 54611/1, 131*1 for 436/1/1, and 130*5 for 
406/m. 

Merck’s-extra puie’ cinnamic acid and Schuchardt’s pure stilbene 
fuither purified by crystallisation were used. The bromine was also 
of Merck's extra pure “Reagent” variety. For making solutions 
Mack's extra pure CC 1 4 further purified by distillation over fused CaCl. 
was used. 

The velocity of lead ion was determined by pipetting out 0*27 c.c. of 
the reaction mixture and titrating iodometricaliy with o’oiM-thiosuJphate 
by means of a microburette. The reactions were all carried out at 31 °. 

The compositions of the reaction mixtures used in this investigation 
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are identical with those used by Ghosh and Purkayastha (/. Indian Chan. 
Soc. f ig27, 4 , 40Q). 

All the experiments in this investigation were finished within one 
hour of the exposure. During this period there is no dark reaction l)et\veen 
bromine and cinnamic acid or stilbene. 

The Light Reactions . 

The kinetics of the reactions were studied in three monochromatic 

radiations 546, 436 and 406/1/1 individually and under the simultaneous 

action of two radiations, violet (406/1/1) and blue (436/1/4), violet (406/1/1) 

and green (546/1/1), and blue (436/1/1) and green (546/1/1). The velocity 

constants are all calculated as unimolecular constants. 

, _ 2 •} , a 

k- / login 

/ a — \ 

The experimental results are tabulated in 'fables I and II. The 
significance of each column will be found from the discussion. In the 
tables l>elo\\, / is the light energy absorbed per sq. cm. per second by 
the bromine molecules. K is the unimolecular velocity constant. 

Vi = 406/1/1, 111 = 436/1/1, Gr = 546/1/i, h = iY/ir. 

From the Tables I and II it will be found that 

(a) The combined effect of two radiations is always less than the 
sum of the two individual effects. 

(b) The velocity constant in pure monochromatic ladiation varies as 
the square root of the intensity of absorbed radiation. 

1 ) 1 s c v s s 1 o is . 

In the photobi0111 illation of cinnamic acid and stilbene in CC 1 * 
solution, the velocity of reaction foi single inonochioinatic ladiation (Aj) can 
be deduced from the following equations postulated by Ghosh (/. physikul. 
Chem 1930, B 9 , 155). 


Br « + 2 J x 1 

= 2llr. 

A i 


Br, + Bi\ 

A 1 A, 

= Br, 

... (/) 

Br Ai + Br 2 

= Br ;lAi 

(») 

Hr 3 

A i 

= Br, +Br a 

A i 

... (lit) 

Br s . +A 

A1 

= ylBr 9 + Br Ai 

(iv) 
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In these reactions the concentration of Br. atom per c.c. in the station- 

A 1 

ary state is given by 




Hence 


J ' dt 

/vV 1 _ x 




(observed). 


We assume that every collision between two Br atoms leads to the for¬ 
mation of a molecule of bromine in presence of an inert solvent molecule, 
and hence K i is independent of the nature of tile radiation which causes 
photo-dissociation of the molecules of bromine into atoms ; but that velocity 
constants/\ 2,/v«» which are subsequent dark processes, depend on 
the energy content of the bromine atoms which initiate the reaction 
chain. 

We shall use the symbols, 

Br, = .A* 2 for A, ; 

A i A ( + A 4 .1 


b. A i = H) 


^ K ' 


l ; or simultaneous action of two radiations A. and A g 


«i + n 2 & Br> +Br. 

A ) A * 
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Again, 


Rate of formation of 

Br =_*1 

A, £ * 

% 


Rate of disappearance of 

Br Ar K >i Br A, +Br J 



= A'i[n, 8 + n, . 

«g] 

That is. 

r,=fv 1 [«i !l+ "i • 

IlgJ 

Similarly, 

l’ a — K\[n 2 * + n \ . 

n s ] 


Solving for , we get, 
"2 


«j _ i 

n$ 2 



>V(-' 


+ 4 . 


L’i 

l a 


f 


... m 


Hence n i and n 2 are known from equations (a) and (/?) taking the i>ositive 
values. 

The velocity constant due to the simultaneous action of two radiations 
Aj and A a is given by 


[Ur 2 J ' 


= /v = Br 

dl a i a 2 


n x + Br. w a . 
a 2 


= /\\ • \/ Ai . . H\+I\ x ^ l\\ . . w« 

A » */r, A - V' I 2 

where K\ =obseived velocity constant under the influence of mono- 

A i 

chromatic radiation Aj, 

/{. =observed velocity constant under the influence of radiation A a . 

A 2 

In the columns X and XI of Tables I and II are given the calculated 
and experimentally found velocity constants. They agree very well within 
the limits of experimental error and this justifies the mechanism of reaction 
which has been developed above. 
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Table II ( contd.) 
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Application of Einstein*s Law of Photochemical Equivalence . 


The calculation of the quantum efficiency has not much theoretical 
significance in these reactions ; because the quantum efficiency has got a 
very high value and also the temperature coefficient is very large. These 
points have been discussed by Ghosh and Purkayastha (loc. cit.). The 
quantum efficiency has been calculated here only to have some idea of the 
mechanism of the reactions. In Table III the quantum efficiency in different 

wave-lengths has been tabulated. 

A typical calculation is given below :— 

Wave-length « 436/x/x. 

With o*o24M-cinnamic acid and o‘o2o6M-I3r2, the change in concentra¬ 
tion of Br 2 in 25 minutes was 0*00655]!/. The reaction cell is 0*5 cm. thick 
and 1*5 x x*5 sq. cm. in area. The energy absorbed per sq. cm. per sec. = 114 
ergs. Total number of quanta of blue light absorbed per sec. 


= . 6 xi 0 ,s. 

6*5 x 10 27 x 3 x io 10 

Total number of molecules transformed per second 


0*5 x 1*5 x 1*5 x 0*00655 x 6*06 x io 23 s 


1000 x 25 x 60 


: 297*7 x io 1 


y (quantum efficiency) = - 'J- x T< ^ =40. 

746X10 13 H 

I11 the following table the compositions of the reaction mixtures are 
similar to those used in Tables I and II. 1 is the intensity of 
radiation absorbed by bromine in ergs per sq. cm. per second, y is the 
quantum efficiency. 

Table III. 


Cinnamic 

acid. 

S t i I b e 

n e . 

A. /. 

7 . 

I . 

7 . 

4 ° 6 ^ 42*5 

72 

64*7 

61*2 

14*2 

127 

216 

125 



io*8 

208 

114 

40 

94 

7 i 

50*2 

6 3‘5 

3 i *4 

144 

32*3 

84*8 

15*7 

214 

16*2 

132*5 



54 *W 240 

15*6 

64*8 

487 

132 

24*8 

21*6 

135 

80 

32*6 

io*8 

176 

24*4 

68*6 
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SYNTHESIS OF O-CYANOALDEHYDES. PARTI. 

By S. N. Chakravarti and K. Ganapati. 


None of the o -cyauoaldehydes have yet been synthesised, and in this 
paper we record our attempts to synthesise this important class of coui»> 
pounds which were required during the course of synthetical experiments in 
the group of alkaloids. 

Attempts to convert o-aininobenzaldehydes into o-cyanoaldehydes 
by Sandmeyer’s reaction under a large variety of different conditions 
were unsuccessful. The diazotisation of amines did not proceed smoothly 
and clear diazo solution was not obtained in any case under the usual 
conditions. 

It was thought that the reaction might go better if the aldehyde 
group were first protected, but preliminary experiments to convert o-ainino- 
Schiff’s bases, oximes and acetals to the corresponding cyanoaldehydes 
were all unsuccessful. The chief difficulty lay in the diazotisation 
which could only be accomplished in strong acids. The scheme involving 
the use of the o-aminoaldoximes seemed to be particularly attractive asitwas 
found that these amino-oximes could readily be prepared in almost quantita* 
tive yields from the corresponding nitro compounds (vide experimental 
part). The diazotisation of the o-aminoaldoximes could also be readily 
effected in strong hydrochloric acid solution, but the replacement of the 
diazo group by the cyano group could not be effected. Under one set of 
conditions azido-aldehydes were formed (cf. Bcr 1901, 34 , 1331; 1927, 
60 , 1741). 

It was eventually found that the o-cyanoaldehydes could 1 >e obtained 
readily although only in poor yields (about 15%) by oxidation (with 
permanganate) of o-cyanocinamie acids which could l>e synthesised readily 
in excellent yields from o-nitro-aldchydes and by other methods. 
o-Cyanobenzaldehyde (in. p. 76°) and 3-methoxy-6-cyanobenzaldehyde 
(m.p. 107°) were thus synthesised. 
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o-Aminocinnamic acids can be converted into the corresponding o-cyano- 
cinnamic acids in excellent yields. Oxidation of the o-cyanocinnamic 
acids by means of permanganate in presence of benzene takes a varied 
course, the main product in each case l>eing a high melting sparingly soliii 
able substance. Attempts are being made to improve the yield of o-cyano- 1 
aldehydes by the action of other oxidising agents like ozone, nitrogen 
peroxide on o-cyanocinnamic acids. 

Synthesis of other methoxy-o-cyanoaldehydes and dimethoxy-o-cyano- 
aldehydes is reserved for a future communication. 

Experimental. 

2 -AminO’ 3 -meihoxybenza 1 do.\hue. — m -Hydroxybenzaldehyde was me* 
thylated by means of dimethyl sulphate in alkaline solution in an yield 
of about qo% (Chakravarti, Vaidyanathan and Venkatasubban, J. Indian 
Chcm. Soc. t 1932, 9,574) and then nitrated under conditions similar to 
those used by Ayling, Hinkel and Morgan (/. Chcm . Soc. t 1932, 1115). 
2 *Nitro- 3 *methoxybenzaldchyde which was thus formed in about 95% 
yield was purified by repeated crystallisations from t)enzcne and was 
converted into its oxime in the following manner: The aldehyde (i’6 g.) 
was dissolved in the least amount of alcohol and treated w ith a solution 
of hydroxylamine hydrochloride (103 g.) and sodium hydroxide (1*2 g.) 
in water and the whole allowed to remain for 24 hours. On acidifying 
the oxime was precipitated in quantitative yield. It was crystallised 
from alcohol, m.p. 170'. 

The oxime (10 g.) was dissolved in sodium hydroxide solution (5 g. in 
50 c. c. of water) and added to freshly precipitated ferrous hydroxide 
from ferrous sill]>hate (S5 5 g. in 50 c.c. of w’ater) and sodium hydroxide 
U6’3 g. in water). The reduction was carried out in the cold in alkaline 
medium. The whole was w'ell stirred, filtered and the precipitate washed 
several times with cold water. The filtrate (along with the washings) was 
then saturated with carbon dioxide when the amine-oxime was precipitated 
in an yield of over 80%. O11 recrystallisation from methyl alcohol it melted 

at 136-37°• (Found : N, 17 o. CgHio^s^ requires N, 16 9 per cent). 

6-/1 mi wo-2 : ydimethoxybcnzaldoxime 6-Nitro-2 : 3-dimethoxybenzal- 
dehyde was prepared from o-vanillin by the method previously described 
(Chakravarti,/. Indian Client. Soc., 1929,6, 215) and converted into the 
oxime thus The aldehyde (2*1 g.) was dissolved in alcohol and treated 
with a solution of hydroxylamine hydrochloride (1 g.) and sodium 
hydroxide (1*2 g.) in water. The mixture was allowed to stand for 24 
hows and then just acidified with acetic acid when the oxhne was precipi- 
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tated in quantitative yield. The oxime crystallises in needles from alcohol, 
m.p. 137 0 . (Found : N, 12*0. C«>HioO r> N 2 requires N, 12*4 per cent). 

The oxime (4*6 g.) was dissolved in sodium hydroxide solution (2 g. 
in 20 c.c. of water) and the solution added to the precipitate obtained from 
crystallised ferrous sulphate (33-8 g.) and sodium liydioxide (10*5 g. in 
200 c.c. of water). The whole was vigorously shaken foi a!w>ut 1/4 houi 
and then the ferric hydroxide filtered, washed several times with cold 
water. The filtrate and washings were saturated with carbon dioxide when 
the amino-oxime was precipitated in an excellent yield. It crystallises 
from methyl alcohol in shining plates, m.p. 147°. (Found : N, 14.5. 
C„H 19 () 3 N* requires N, 14*3 percent). 

Diazotisation and replacement of the dia/o group by the cyano group of 
2-amiuo-3-methoxyben/.aldoxime and 6-amino-2 : 3-dimethoxyl>onzaldoximc 
were tried under the following conditions :— 

(/) Diazotisation and replacement of the dia/o groups under the usual 
conditions. 

(//) Diazotisation in presence of excess of concentrated hvdnx'hloric 
acid at -5", neutralisation of the free acid by sodium hydroxide, barium 
hydroxide or sodium carbonate solution and subsequent treatment with 
cuprous cyanide under the usual conditions. 

(Hi) Diazotisation of the amines in presence of excess of strong mineral 
acid, the diazo solution and alkali being added at the same time to the 
cuprous cyanide, keeping the cyanide solution just alkaline throughout the 
reaction. 

Although diazotisation did seem to proceed in (ii) and (tit), cyano 
compounds could not be obtained under any of the conditions. Under 
conditions (ii) and (Hi) 2-azido-aklchydes were formed and these are being 
further investigated. 

6 - Amino - 3 - mclhoxycinnamic A cid. — m - Hydroxybenzaldehyde was 
nitrated and 6 -nitro* 3 -hydroxybenzaldehyde separated by the method of 
Friedlander and Schenck (Bcr., 1914, 47 , 3046). 6-Nitro-3-li3droxyl>cnzal- 
dehyde was methylated by means of dimethyl sulphate in alkaline solution 
and the methoxy compound converted into 6-nitro^inethoxycinnamic 
acid (m.p. 227 0 ) in almost quantitative yield by malonic acid-pyridine 
method. A solution of 6-nitro-3-methoxycinnamic acid (11*6 g.) in dilute 
ammonia was added to a solution of ferrous sulphate (106 g. in 150 c.c. 
of water). To the mixture heated 011 the steam-bath was then gradually 
added concentrated ammonia (42 c.c.) while the contents were vigorously 
shaken throughout. After all the ammonia had been added, the whole 
was further heated for 1/4 hour, filtered, the filtrate concentrated down to 
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one third its volume and then carefully made just acid. The amino-acid 
was precipitated as a crystalline yellow powder, m.p. 186 0 , yield 70%. 
The hydrochloride crystallised from water in prismatic needles, m.p. 204° 
(decomp.). (Found : C, 52*1 ; H, 5*3. Ci 0 Hj2O 3 NCi requires 0,52*3; 
H, 5 2 per cent). 

6-Cyano-?r™cthoxycinnamic Acid .—A mixture of 6-amino-3- methoxy- 
cinnamic acid (7 g.), water (45 c.c.) and concentrated hydrochloric 
acid (10 g.) was cooled to o° and diazotised with a solution of sodium 
nitrite (3*4 g.). The clear diazo solution was added to a hot solution of 
potassium cuprous cyanide, obtained by adding a solution of potassiutn 
cyanide (12*6 g. in 22 c.c. of water) to a solution of copper sulphate (ng. 
in 67 c.c. of water). The whole was heated on the water-bath for one 
hour, cooled and acidified. The precipitated cyano-acid was filtered, 
washed and dissolved in dilute sodium carbonate solution. The sodium 
carbonate solution was acidified with concentrated hydrochloric acid. The 
precipitated cyano-acid was filtered, washed and re crystallised from 
methyl alcohol (charcoal) in long clusters of needles, m.p. 220°. (Found : 
C, 64*8 ; H, 4*2. Ci 1H0O3N requires C, 650 ; H, 4*4 per cent). 

b-Cyano-ymclhoxybcnzaidehydc. —A solution of 6-cyano-3-metlioxycin- 
liamic acid (2*5 g.) in sodium carbonate solution was covered with benzene 
(300 c.c.) in a separating funnel and a cold saturated solution of potassium 
permanganate (4*2 g.) was gradually added with vigorous shaking. After 
all the permanganate had been added the mixture was further shaken for 15 
minutes, filtered and the precipitate washed several times with small 
quantities of benzene. The benzene layer was separated from the aqueous 
layer of the filtrate, dried over anhydrous sodium sulphate. It was then 
concentrated to about 30 c.c. when a crystalline substance (A) (0*65 g.) 
separated, which on repeated crystallisation from benzene was obtained as 
prismatic needles, m.p. 218 . The mother liquors from (A) on further 
concentration deposited first more of the substance (A) and then 6-cyano-3- 
methoxybenzaldehyde, w f hich w r as readily separated, the aldehyde being 
much more soluble in benzene. The latter on repeated crystallisation from 
alcohol was obtained in clusters of needles, m.p. 107°. (Found : C, 67*2 ; 
H, 4*3. C 0 H 7 O 2 N requires C, 67*1 ; H, 4*4 per cent). 

The substance (A) could not be readily hydrolysed. 

From the aqueous layer of the filtrate on concentration and acidifica¬ 
tion a mixture of the starting acid and a new acid (m.p. about 132 0 ) was 
precipitated. 

o-Cyanocinnamic acid was prepared from <*-nitroso-j8-naphthol by 
Beckmann's transformation (Edward, /. Chem, Soc., 1926, 815). 

o~Cyanobcnzaldehyde.— o-Cyanocinnamic acid was oxidised under 
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conditions similar to those described above for 6-eyano-3-inethoxycinnamio 
acid. From the benzene layer at first a sparingly soluble substance crystallis¬ 
ing in needles* m.p. 227°, separated and then o cyanobenzaldehyde, which 
on repeated crystallisation melted at 76°. (Found : C, 73*0; H, 3*7. C ft H a ON 
requires C, 73 3 ; H, 3*8 per cent). From the aqueous layer, the starting 
acid, o-cyanobenzoic acid and an acid (m.p. 197-202°) were isolated. 

2 - Aminomelhoxycinnamic Acid . — 12 ( 1 . of 2 - nitro - 3 - methoxy- 
cinnamic acid (which was synthesised from 2-nitro-3-methoxyhcnzaldchyde 
by the malonic acid-pyiidine method) dissolved in dilute ammonia were 
added to a solution of ferrous sulphate (106 g. in 150 c.e. of water) which 
had been heated on the water-bath to about 90". Ammonia (45 c.c.) was 
then added gradually with vigorous shaking and after all the addition, 
heating and shaking were continued for further 15 minutes. The whole was 
then filtered, precipitated, washed several times with dilute ammonia and the 
filtrate and washings concentrated to one fourth of its bulk and then made 
just acid when 2-amino-3-methoxycinnamic acid was precipitated, yield 
50%. It crystallised from water in yellow’ glittering prisms, m.p. 189* 
(decomp.). (Found : C, 62*2; II, 6*0. C10H11O3 N requires C, 62*2; 

H, 5*7 per cent). 

2 -Cyano-ymetho.\ycinnamic Acid. —A mixture of 2-amino-3-methoxy- 
cinnamic acid (3*5 g.), water (23 c.c.) and concentrated hydrochloric acid 
(5 c.c.) was cooled to o n and diazotised with a solution of sodium nitrite 
(i'7g). The clear diazo solution was added to a hot solution of potassium 
cuprous cyanide obtained by adding to a solution of copper sulphate (5*5 g. in 
34 c.c. of water) a solution of potassium cyanide (6*3 g. in 11 c.c. of water). 
The whole was heated 011 the water-bath for 1 hour, cooled and acidified 
when crude cyano-acid was precipitated which was filtered, washed and 
then dissolved in dilute sodium carbonate solution and acidified with 
concentrated hydrochloric acid. The precipitated cyano-acid was filtered, 
washed and crystallised from alcohol or acetone (charcoal). It crystallised 
in needles, m.p. 149 . (Found: C, 64*7; H, 43. CnH & () 3 N lequires 
C. 65’o ; H, 4 4 V& cent). 

Yields in this series are lower than in the corresponding 6-cyano series 
due probably to increased steric difficulty, both the ortho positions to the 
nitro or amino group being occupied. 

Experiments on the oxidation of 2-cyauo-3-mcthoxycinnnamic acid 
are in progress. 

Chemical Laboratories, 

Annamalai University, Annamalainaoar, 

and Chemical Examiner’s Laboratory, Received July 21, 1937. 
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ACRIDINE DERIVATIVES AS ANTIMALARIALS. 

By U. P. Basu and S. J. Das-Gupta. 

Since the observation of Mauss and Mietzsch (Klin-Woch., 1933, 
12 , 1276) that the dihydrochloride of 2-chloro-5 (uj-diethylaminoisoamyl)- 
amino-7-methoxyacridine, better known as ‘ Atebrin,’ has a powerful 
action on all asexual forms of the nmlatial parasites, a good deal of attention 
(<•/. Magidson and Grigorovski, Bcr., 1936, 69 , 396, 537) has been' given 
to the syntheses of various other acridine derivatives of the above type, 
having paiticularly a dialkylaniinoalkylamino side-chain in position 5. 
In view of the fact that reduction generally diminishes the toxicity of a 
compound and that the Bz-tetrahydrohydrocinchoniue (I) has the same 
influence on the fever as the cinchonine itself ( cf . Braunn and Lemke, 
Annalcn, 1930, 478 , 176), a study on the physiological activity of a hydrated 
acridine derivative of the above type was considered to lx; of special interest. 
As very little is known about the chemistry of hydrated acridines, a method 
was found out for their synthesis and several compounds of the above 
type have been prepared. 


CHOH—CH—N 



HoC N 

( 1 ) 


It was shown by Sen and Basu (J. Indian Chcm. Soc., 1930, 7 , 435) that 
ethyl OT/ohexanonc-2-carboxylute when treated with an aromatic amine at 
the room temperature afforded an anil (II), which may l>e readily converted 
into a tetrahydroacridone (III). This reaction has l>een utilised for the 
syntheses of various i:2:3:4-tetrahydro-5-ehloroacridine derivatives of the 
type (IV, R=C 1 ). When these- chloro compounds are treated with phenol 
they easily afford the phenoxy derivatives (IV, R = OPh) from which several 
5-dialkylaminoacridines [IV, R=NH (CH<j) B NEt 2 ] have been obtained. 
It has also lieen noted that the aminoacridine [IV, R = NH (CH a )« NEt*] 
might lie more conveniently obtained from 5-cliloroacridine itself. 
In fact, this process has l>een usually followed in the course of this 
investigation. The aminoacridines are almost colourless and readily form 
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stable dihydrochlorides which are highly soluble in water and extremely 
bitter in taste. 



(II) (III) (IV) 

Experimental. 

1:2:3: 4 ~Tetrahydro-$-chloroacridinc (IV, R*C 1 ).—Equimolecular 

quantities of ethyl cy c/ohexanone-2-carboxy late and aniline were mixed 
and kept in a vacuum desiccator over fused calcium chloride for 8-10 days. 
The mixture was then heated at 250-260° for about 2 hours, and the 
residual mass on cooling was washed with ether and collected, it was 
1: 2:3: 4 - tetrah ydroacr id on e (III), m. p. 358-60° ( cf . v Sen and Basu, 
loc. cit.). To a mixture of Bz-tetrahydroacridone (4 g.)and finely powdered 
phosphorus pentachloride (5 g.), a few c.c. of phosphorus oxychloride was 
added just in sufficient quantity to make a thin paste and the whole was 
slowly heated to 120-130° and this temperature was maintained for about 
2 hours when most of the phosphorus oxychloride distilled over. The 
contents in the flask solidified. It was well cooled and decomposed with 
ice, filtered and the filtrate made alkaline with ammonia. The precipitate 
was filtered off, washed and crystallised from petroleum ether, in. p. 68-69°. 
(Found : Cl, 16*63. Calc, for Ci a H 1 2 NC 1 : Cl, 16*32 per cent). This compound 
has been described by Perkin and Sedgwick (/. Chem . Soc., 1924, 125 , 2446) 
to melt at 226° ; and by Braun and others (Ber., 1931, 64 , 227) to melt at 68°* 
i: 2 :y. 4 -Tetrahydro-S m phenoxyacridinc (IV, R = OPh).—To a hot 

solution of phenol (3 g.) in caustic potash (0*3 g.) 1:2:3:4-tetrahydro- 

5-chloroacridine (0*5 g.) was added slowly and the mixture was heated in 
an oil-bath at 140° for about 2 hours. The hot melt was poured into about 
50 c.c. of 10% caustic soda solution and kept overnight. The supernatant 
liquid W'as decanted off and the residual mass was triturated with 5% caustic 
soda solution, filtered and washed free from alkali. The crude phenoxy 
compound separated from petroleum ether in microscopic needles, m. p. 
102 . It was converted to its hydrochloride by passing dry hydrochloric 
acid gas into its ethereal solution and crystallised from a mixture of alcohol 
and ether (1:1), ni. p. 223-25°. (Found: Cl, 11*53* Ci*,Hi7<IN, HCl 
requires Cl, 11*40 per cent). 

4 



470 


U. P. BASU AND S. J. DAS-GUPTA 


I : 2 : 3 ; 4- Teirahydro - 5 (&- dieihylaminobutyljaminoacridine . — The 
above tetrahydrochloroacridine (o*6 g.) was heated in a sealed tube 
with o*8 g. of diethylaininobutylamine and a little copper powder at 
150*160° for several hours. The mass was treated with water and 
the supernatant layer was decanted off. It was thus repeatedly washed 
w ith water in order to remove the unreacted amine. The residual semi- 
solid mass was extracted with ether, the ethereal solution was filtered 
and treated with dilute acetic acid. The acetic acid solution w>as made 
alkaline with ammonia in the cold when the base separated as a semi¬ 
solid mass which was again washed several times with water. It. was 
once more extracted \yith ether, the ethereal solution dried over anhydrous 
potassium carbonate and treated with dry hydrochloric acid gas. The 
dihydrochloride thus obtained being extremely hygroscopic could not 
be isolated. Its aqueous solution was accordingly treated with a solution of 
sodium salt of methylenedioxynaphthoic acid in the cold when a salt of the 
atninoacridine with methylenedioxynaphthoic acid was isolated in a 
crystalline form. It w'as collected and thoroughly washed. It is tasteless 
and insoluble in water, in. p. 216-20°. (Found: N, 5*56. C 2 iH : *iN : j, 
C 2:i II i requires N, 5*88 per cent). 

7- Mcihoxy - 1:2:3: 4 -Icitahydroacridonc. —A mixture of ethyl 
cyclo hexanone:-2-carboxylate (17 g.) and />-anisidine (12*3 g ) was left 
overnight. There was much turbidity owing to the separation of 
water from the reaction mixture and it was left in vacuum over 
fused calcium chloride. for 10 days, when a clear dark solution 
was obtained. It was then heated in an oil-bath at 260-270° for about 2 
hours when the contents of the llask solidified. On cooling the solid 
product was treated with ether and was filtered, yield iS g. The compound 
crystallised from alcohol in prismatic needles, m. p. 295°. It is soluble in 
dilute mineral acids. (Found: N, 0*29. CnH^OgN requires N, 610 
per cent). 

j-Mcihoxy-yihloroi : 2:3: 4-tchahydroacridinc was prepared from 
the above acridone (4 g.) and finely powdered phosphorus pentachloride 
(5 g.) as # in the case of (IV, R = C 1 ). It separated in pale yellow prismatic 
needles from dilute alcohol, m. p. 122°. (Found: Cl, 15*01. C h H m ONC 1 
requires Cl, 14*34 per cent). 

7-Mcthoxy-5-pht no.\y-i : 2:3: 4-letrahydroactidinc. —The chloroacri- 
dine (2 g ) was heated with phenol (8 g.) at 140-150^ for about 3 hours. 
The reaction mixture was then 1 >oured into a A-NaOH solution when the 
phenoxy derivative separated as an oil. It was left overnight when it 
solidified. The supernatant liquid was decanted off and it was triturated 
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with caustic soda solution, filtered and washed free from alkali. It ci>>- 
tallises from petroleum ether in long prismatic needles, m.p. 120°. (Found ; 
N, 52. CtoHioO^N requiies N, 4 6 per cent). It is a crystalline 
solid and readily dissolves in dilute acids. On passing dry hydrogen 
chloride to its ethereal' solution the hydrochloride was easily obtained, 
which melted to a green liquid at 220 (decomp.). (Found: Cl, 10*13. 

N, HCi requires Cl, 10 4 per cent). 

It forms a picrate, m.p. 100-192°. When treated with 8-diethylamino- 
butylamine in a sealed tube at 150-160° it affords the 5-aminoacridinc 
derivative which is also easily obtained by the method descrilxd below. 

Dihydrochloride of y-Metho.xy-i : 2 . 3 : 4-ictrahydro-$-(?>-dicihyi- 
annnobu{yl)-aminoacridine.-7-Mct\\oxy-i.2 : 3 : 4-tetrahydro-5-chloroacridine 
(o'6g.) was heated with fi-diethylaminobuty!amine (0*8 g.) and a little 
copper powder at 160° for several hours. The mixture was treated 
as in the previous case. The ethereal solution finally obtained was dried 
over anhydrous potassium carbonate and treated with dry hydrogen 
chloride. The crude dihydrochloride was crystallised from a mixture of 
absolute alcohol and dry ether and the product v as rapidly dried in a 
vacuum desiccator, m.p. 193-04 . (Found : Cl, 16*31. C^H^ON;*, 2HCI 
iequires Cl, 16*59 per cent). 

Dihydrochloridc of y-Mctho.\y- 1 : 2 : 3 : 4-tehahydto-^-(y-diethylamino- 
propyl)-aminoacridinc. —The cliloro compound (0*6 g.) was heated with 
y-diethylaminopropyiamine (0*8 g.) in a sealed tube at about 160° with a 
little copper powder. After the usual treatment of the reaction mixture 
the dihydrochloride was isolated and crystallised from a mixture of alcohol 
and ether and rapidly dried, m.p. 228-29 . [Found . Cl, 16*3. C21H31ON3, 
2HCI, H 2 () requires Cl, 16 44 per cent Found tin sample dried at 105- 
no 0 ): N, 10*24; Cl, 17*02. C,|H n ON s , 2HCI requires N, 10*15; 
Cl, 17*15 per cent]. 

7-Methoxy-2-mcthyl-i : 2 : 3 : 4-tcttahydroiuridom. —Molecular pio- 
portions of ethyl 5-methy \cy f/ohexanone-2-caiboxylate and />-anisidinc were 
mixed together and left over as usual. On heating the reaction 
mixture at 250-2P0 0 , the contents of the flask set to a crystalline solid 
which was collected, washed with ether and finally crystallised from glacial 
acetic acid, m.p. 335°. (Found: N, 5*89. C15H17O2N requires N, 5*76 

per cent). 

y-Methoxy-2-methyl-i : 2 : 3 : 4-telrahydro-$-chloroacridinc .—The acri- 
done derivative was heated with a mixture of phosphorus penta- and 
oxychloride at 120-30 0 as in the formation of the previous chloroacridine. 
The solid residue on treatment with ice and ammonia afforded a yellow 
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substance which on crystallisation from methyl alcohol separated in slendef 
needles, m.p. 90°. (Found : Cl, 1370. C,jHi G ONC 1 requires Cl, 13*58 
per cent). 

7-Methoxy-2*methyUi 12:3: 4-tetrahydro-$-phenoxyacridine t was pre¬ 
pared by heating the chloroacridine (2 g.) with phenol (8 g.) as in the 
pievious case. It crystallised from petroleum ether in long prismatic 
needles, m.p. 103°. (Found : N, 4*56. CaiH^OaN requires N, 4*38 
per cent). 

Dihydrochloride of 7-Methoxy-2'tnethyl-i : 2:3: 4- tetiahydro-s - 
(h-dicthylaminobutyl)- aminoacridine .—The chloroacridine (07 g.) was 
heated with 8-diethylaminobutylamine (o*8 g.) in a sealed tube with a 
trace of copper powder at ibo° as usual. The dihydrochloride was 
isolated in the usual manner and crystallised from a mixture of alcohol 
and ether and dried in vacuum, m.p. 203-4' The substance was dried at 
no and analysed. (Found : N, 9*08 Cg .* H 3r> ()N», 2HCI requires N, 9*5 
per cent). 

Dihydrochlotidv of 7-Methoxy-2-methyl-i : 2 : 3 : 4 ’tetrahydro-y(y- 
divlhylaminopwpyl) aminoacridine .—The chloroacridine (o*8 g.) was heated 
with diethylaminopropylamine (o*8 g.) at 150-160° in a sealed tube 
with a little copper powder. After usual treatment the dihydrochloride 
was isolated and cryslallised, m.p. 242-43'. [Found. Cl, 15*80. C22H 3S ON 3 , 
2HCI, Ha^ requires Cl, 15*92 per cent. Found (in a sample dried at no 0 ) : 
N, 9*86; Cl, 16*51. Cj jHjsONs, 2HCIrequires N, 9*81; Cl, 16*59 pei cent.] 


Ethyl 2~(4 f -chloroanilido)-4-mcthyl-^ x -cyclohcxene‘i-carboxylatc . 


CH a 

HiC/V 

MeHC'^1 C 
H 8 C 


^COaEt 



The carboxylate derivative of w-methylcyc/ohexanone was mixed 
with a molecular proportion of jf?-chloroaniline and kept in a desiccator in 
vacuo. Gradually crystals began to separate. These were collected and 
crystallised from dilute alcohol in fine prismatic needles, m.p. 90°« 
(Found : N, 4*90. Ci G H 2 o 0 9 NCl requires N, 4*77 per cent). 

7’ChlorO‘2'mclhyhi : 2 : 3 : 4-tetrahydroacridone .— i The above anilido 
compound was heated in an oil-bath at 270 c for i hour when the contents in 
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the flask solidified to a crystalline mass. This was cooled l washed with alcohol 
and crystallised from boiling glacial acetic acid. It is sparingly soluble in the 
common organic solvents and melts with decomposition at 375* in a sealed 
capillary. (Found : N, 5*38. C\ <Hi 4ONCI requires N, 5-65 per cent). 

5 : 7‘DichIoro-2-methyl-i 12:3: 4-tcitahydioacridini \—The acridone 
derivative was made into a paste with phosphorus i>enta-and oxychloride 
and heated as usual. The reacted mass was further treated with hydro¬ 
chloric acid and the whole was filtered. The filtrate was cooled and 
neutralised with ammonia. A semi-solid mass was isolated which was left 
over in a refrigerator. Next day the solid found w'as collected and crys¬ 
tallised from methyl alcohol (charcoal), m.p. 8c/. (Found: Cl, 2644. 
ChII] uNCl* requires Cl, 26*60 per cent). 

7‘Chloro i : 2 : 3 : 4 -tetrahydroaciidonc -—This acridone derivative 
was obtained in the usual w'ay from the reaction mixture obtained by 
mixing ethyl ryc/ohexanone-2-carl>oxylate and /’-chloroauil (1 :1) at the room 
temperature and keeping the mixture over fused calcium chloride in vacuo 
for about a fortnight. The substance was difficultly soluble in alcohol. 
It crystallised from a large volume of the same solvent in silky needles, 
m.p. 380°* (Found : Cl, 1522. C i;i H 12 ()NC 1 requires Cl, 15*20 per 
cent). 


Research Labor 4 Tory, 

Bkncal Immunity, Calcutta. kc c cived July 29, 1937. 


♦ This compound has been synthesised in another way and found to melt at 385® by 
Prof. Dr. O. J. Magidson of Scientific Chemical-Pharmaceutical Research Institute, 
Moscow, U. S S. R. (private communication). 



THE PHENYLTHIOCARBAMIDES. A CONTRIBUTION TO 
THE STUDY OF THE TRIAD - N C S-. PART IV. THE 
ACTION OF AQUEO JS SILVER NITRATE ON 
PHENYLTHIOCARBAMIDE 

By Kunj Bkhaki Lai. and Hans KrAij.. 

Phenylthiocarbaniide interferes with the estimation of thiocyanie acid 
by Volhard’s method. The objects of the present investigation are to see 
how silver nitrate interacts with phenylthiocarbaniide in acid solution, and 
to determine the conditions in which Volhard s method can be used to esti¬ 
mate thiocyanie acid in the presence of thiocarbamide. 

By the interaction of aqueous solutions of phenylthiocarbaniide and silver 
nitrate, a white precipitate is obtained which is stable in presence of dilute nitric 
acid. Analytical lesults indicate the formation of several complexes of these 
two compounds which vary in composition with the proportion of the 
reagents used. The complex having the largest proportion of silver nitrate 
is formed when an aqueous solution of phenylthiocarbaniide is treated with 
moderate excess of silver nitrate. It is certainly not a silver derivative but 
appears to !>e a complex (i: i), although it usually takes up 10-12% extra 
silver nitrate, a fact which indicates the existence of still higher complexes. 
By using less silver nitrate lower complexes are obtained which appear to be 
of less interest. The uioqoinolecular complex reacts with potassium thio¬ 
cyanate changing to phenylthiocarbamide-silver thiocyanate. The latter is 
also formed directly by the interaction of phenylthiocarbaniide and silver 
thiocyanate or of phenylthiocarbaniide, silver nitrate and potassium thio¬ 
cyanate. 

These complex formations may be represented as follow s : 

PI1NHCSNH2 + Ag N () .;= Ph N HCSX H «/ Ag NO 3 (i) 

PhXHCSNH*" AgN( ) 8 + KSCN = PhNHCSNHg ‘ AgSCN + KNO s (if) 
PhNHCSNHa + AgSCN = PhNHCSNH,/AgSCN (Hi) 

PhNHCSNHy + AgXOa + KSCN «= PhNHCSNH 2 *AgSCN + KNO a (tv) 

Volhard’s method, using excess of silver nitrate and titrating back with 
standard potassium thiocyanate, can be used to estimate thiocyanie acid 
provided that the phenylthiocarbanride present is less in molecular propor- 
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tions than the thiocyanic acid. Ten molecular proportions of phenylthiocar- 
bamide correspond to eleven of silver nitrate. 

Experiments i.. 

Expt . i. Action of Aqueous Silver Nitiate on Phenylthiocarba - 
mide in presence of a Variable quantity of Sitric Acid. —The variable amount 
of nitric acid was added to 50 c.c. of N/50-pheuylthiocarbamidc solution 
in 4% alcohol (the solubility in water alone is very low) followed by 15 c.c. 
of N/io- silver nitrate drop by drop with shaking; after a minute or so it was 
filtered, washed with dilute nitric acid (2%) and the filtrate titrated back 
with JV/io-potassium thiocyanate, using 5 c.c. of 5% ferric alum as indicator. 
The results are recorded in Table I. 


Taiu.k I. 

2.V-IINO3 (c.c.) ... <>*3 0 5 123468 in 20 

AgNOj used ... 11 111 in 11 11 11 11 ii 10 y t/5 

up (c.c.) 

Below 2 c.c. and above 8 c.c. the interaction was more or less 
incomplete but within this range uniform results w'ere obtained and we have, 
therefore, in all our experiments used 5 c.c. of 2/V-nitric acid for every 100 
c.c. of solution. 

It will l>e noted that 50 c.c. of phenylthiocarbamide solution took up 
11 c.c. of silver nitrate, whereas one equivalent is 10 c.c. Discussion of this 
phenomenon would be out of place but it may be mentioned that we have 
found that 

(f) the excess of silver nitrate can be removed by suspending the 
precipitate in dilute nitric acid; 

(ii) it is not a case of adsorption; 

(111) as little as 5 c.c. of silver nitrate remove all the phenylthio¬ 
carbamide from solution w'ith the formation of a different complex; 

(it) in aqueous solutions the excess of nitrate taken up is never 
more than 10-12% of the equivalent ; 

(r) in alcoholic solutions complexes richer in* silver nitrate are formed. 

Expt. 2. Examination of the Phenylthiocaibamidc—Silver nitrate 
Complex obtained in the Above Experiment .—Heated on a nickel foil 
it exploded evolving voluminous yellow’ fumes. Decomposition occurred 
ati32-34°. Hot water, ammonia and alkalis decomposed it readily, but it 
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could be recrystallised with slight decomposition from dilute nitric acid. It 
interacted slowly with potassium thiocyanate solution ( vide infra). 

i*6i G. of the substance, suspended in absolute alcohol (50 c.c.) and 
treated with hydrogen sulphide, gave silver sulphide (Ag, 33*08 per cent). 
The alcoholic solution gave a copious precipitate with nitron acetate showing 
that the complex contained nitrate, while on evaporation to dryness it 
deposited unmistakable crystals of phenyltbiocarbamide showing that this 
molecule had not undergone any change. 

Phenylthiocarbamide solution (50 c.c. of N/50) yielded 0*3352 g. of the 
complex containing Ag, 33-52; S, 10 08%. PhNHCSNH2'AgN0 3 requires 
0*3328 g. of the complex and Ag, 33 32; S, 9*936 per cent. 

Expt. 3. Action of Potassium Thiocyanate Solution on the above 
Complex .—The precipitate formed above was suspended in 50 c.c. of 
dilute nitric acid and treated with 15 c.c. of N/io-potassium thiocyanate. 
By filtering and titrating back, the amount of thiocyanate used up by in¬ 
teraction with the silver complex was determined. 

Tabi.e II. 


Time (hour) ... \ £ 6 24 

N/io*KSCN used (c.c ) ... 5 6 9 9 

The same product was slowly obtained by the interaction of freshly 
precipitated silver thiocyanate with a solution of phenylthiocarbamide. It 
was obtained more readily as follows. 

Expt. 4. Action of Silver Nitrate on a Mixture of Phenylthiocar¬ 
bamide and Potassium Thiocyanate —When N/10- solutions were mixed, the 
silver nitrate being added last, a precipitate was formed ; the filtrate 
from this contained no silver and no phenylthiocarbamide; it contained only 
a trace of thiocyanate. 

In fact it appears that the solutions of three substances, thiocarbamide, 
silver nitrate and thiocyanate, mixed in any order, always give the same 
result.* 

Expt. 5. Examination of the Phenylthiocarbamtde-Silver Thiocyanate 
Complex. —Heated on a nickel foil it fused without evolving fumes. It 
was insoluble in alcohol or water. Hot water and strong nitric acid de¬ 
composed it, whilst cold dilute acid had only a very slight action. 

From 50 c.c. of the thiocarbamide solution the yield of the complex was 
0*3160 g. containing Ag, 341; S, 2013 per cent. PhNHCSNHj ’AgSCN 
requires 0*3180 g. of the complex and Ag, 33*96; S, ao-oi per c$nt. 
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These results clearly explain the fact, repeatedly corroborated by 
titrations, that thiocyanate can be estimated by Volhard’s method in the 
presence of phenylthiocarbamidc so long as (he latter is less than equivalent 
to the former , because it is precipitated with the former; whereas if the 
thiocarbamide is in excess, the thiocyanate cannot l>e estimated because 
thiocarbamide also interacts with silver nitrate. 

It is remarkable that under conditions precisely analogous to those 
employed in the present investigation copper sulphate, besides forming 
various complexes, oxidises part of the phenylthiocarbamidc to a ba^e which 
on analysis and from its nitroso derivative proved to l>e Hector’s danilino- 
o-diazothiol (Ber., 1889, 22 , 117P). No evidence of any such change has 
been found when using silver nitrate. 


S IT M M A R Y. 

1. Silver nitrate unites with phenylthiocarbamide in acid solution to 
form several complexes and the compound PhNHCSNHa’AgNOa is 

formed in the presence of excess of aqueous silver nitrate, 10-12% extra 
silver nitrate being used up in the latter case. 

2. Potassium thiocyanate interacts with the above compound and 
changes it to phenylthiocarbamide-silverthiocyanate. 

3. Thiocyanate can be conveniently estimated with a fair degree of 
accuracy in the presence of phenylthiocarbamide by Volhard’s method under 
the conditions described but only if the phenylthiocarbamide is present in a 
quantity less than one equivalent to the thiocyanate. 

Chemical Laboratories, 

A(.r a College, Aura Received May 8 , 1 937. 
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THE PHENYLTHIOCARBAMIDES. A CON TRIBUTION TO 
THE STUDY OF THE TRIAD -N CS-. PART V. ACTION 
OF NITROUS ACID ON aa'-METHYL- 
PHENYLTHIOCARBAMIDE. 

Bv Kunj Bkhari Lal and Hans Krau. 

Mehta and Krall (/. Indian Chcm. Soc. 1935, 12 , 635, 640) studied the 
action of nitrous acid on monophenylthiocarbamide and found that two 
changes occurred simultaneously : (i) oxidation of phenylthiocarbamide to 
Hector’s base, and (ii) the “normal” reaction of nitrous acid on amides with 
the production phenylmusturd oil and further they found that strong 
acids facilitated the former change, weak acids the latter. 

PhNHCSNH 2 —>■ PhNHCSOH —> PhNCS + H a O. 

The satnereaction has now been extended to aa'-methylphenylthiocarbamide 
with the object of ascertaining the effect of the presence of a positive group. 

In the presence of hydrochloric acid, an evanescent wine-red colouration 
is produced suggesting the transient formation of a thionitrite (Tasker and 
Jones, ]. Chcm . Soc., 1909, 96 , 1917), whilst a gas consisting chiefly of 
NO (83 %) is rapidly evolved, the reaction mixture containing a base which 
yields a crystalline perchlorate and picrate and appears to be methylphenyb 
formamidine disulphide formed thus : 

*Ph(Me)NC(NH)SH -> 2Ph(Me)NC(NH)S‘NO 

2NO+ [Ph(Me)NC(NH)S]«. 

The simultaneous occurrence of a subsidiary reaction, just as in the parent 
compound, is shown by the evolution of nitrogen (17%) and the 
presence -in the reaction mixture of sulphuric acid (10%), methylaniline 
and some solid. The base is prone to further oxidation and when larger 
proportions of sodium nitrite are used, an oil is produced, whilst the amount 
of the solid, sulphuric acid, NO and nitrogen is correspondingly increased. 
Traces of C< )S and CO a are also present in the gas phase. 

In the presence of acetic acid, on the other hand, sodium nitrite reacts 
slowly with the thiocarbamide and the gas phase is mostly nitrogen (85%) 
but it contains also carbon oxysulphide No formamidine disulphide is 
produced and the evolution of nitrogen, agreeing with the action of 
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phefiylthiocarbamide in the same conditions, suggests the normal behaviour 
of amides, and the product formed might be expected to decompose into 

Ph(Me)NCSNH a -* Ph(Me)NCSOH 

niethylaniline and carbon oxysulphide. Free methylaniline is not 
found but the reaction mixture eontaius two solids and an oil of 
complex character, evidently resulting from the mutual interaction 
of the above substances. In this case the oxidation reaction is a subsidiary 
one, nitric oxide being produced in smaller quantity (5%). Kxcess of 
sodium nitrite brings about secondary decompositions as in the presence 
of hydrochloric acid. 

It is clear, therefore, that nitrous acid acts on aa-inethylphcnylthio- 
carbamide according to the following equations : 

( i ) 2Ph(Me)NCSNH 2 + 2 HN0 2 = Ph(Me)NC(NH)‘S # S(NH)CN(Me)Ph 

+ 2NO + 2lIgO 

(it) Ph(Me)NCSNH 2 + HN() a = Ph(Me)NCSOH+ N 2 + H 2 0 . 

The presence of acids facilitates the former change. The evolution of 
nitrogen in (it) is an evidence for the structure (I) which is thus the predo¬ 
minant tautomer in neutral solutions. Acids evidently facilitate the change 
of this to a form which does not contain the amino group as in (II). 


Ph 

Me 


^N—C—NH 

7 I 


a 


S 


(I) 


Phv xNH 


Me' 


k SH 


(II) 


It will be noticed that while phenylthiocarbainide yields a diazothiol 
(Hector’s base) with the greatest ease by oxidation with various reagents, 
including nitrous acid, methylphenylthiocarbamide, which gives such a 
diazothiol with iodine or hydrogen peroxide (Gabriel and Hofmann, Be r., 
1892, 28 , 1578; Chakrabarti and De, /. Indian Chem. Soc., 1928, 8, 661) gives 
a formamidine disulphide with nitrous acid, thereby resembling thiocarba- 
mide itself (Werner, /. Chem. Soc., 1912, 101 , 2180). There is no evidence 
that the for mamidin e disulphides break down to diazothiols and in the light 
of the present investigation it appears that Hector’s base, which is produced 
with extreme ease under these conditions from the parent compound, is a 
direct ox idation product of phenylthiocarbamide and that no inter me d i at e 
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disulphide compound need be postulated (cj. Fromm and*Heyder, Bet., 1909, 
42 , 3804). The proximity of the methyl group to the phenyl nucleus in the 
methyl homologue seems, however, to prevent oxidation into a Hector's base 
the production of which is, therefore, dependent on the free a-hydrogen 
atom. The feeble base obtained by Dost (Her., 1906, 39 , 1014) by the action 
of sulphuryl chloride on the rnethylphenylthiocarbamide in chloroform 
solutions does not appear to be formed under our conditions. 

Experimental. 

All the gasometric experiments were carried out in a Lunge’s nitro¬ 
meter. It was found convenient to use a solution of sodium nitrite 
containing one mg. molecule NaNO^ per c.c. The requisite amount of 
sodium nitrite was added by introducing definite volume of this solution 
with the aid of 1 c c. pipette graduated in tenths of a cubic centi¬ 
metre. 

Expt. 1. Action of Nitrous Acid on ao.-Mcthylphenylthiocarbamide in 
presence of N -Hydrochloric Acid (Gas phase). —0*083 G. of thiocarbamide 
(i mg.) was introduced into the nitiometer with the help of 
1 c.c. of alcohol. To enable the reaction to begin in acid solution, 1 c c. 
of 4*V-hydrochloric acid !|: was added before the addition of the nitrite 
solution. The cup of the nitrometer was then washed down with 0*5 c.c. 
of water. The above solution was then treated with 0*5 c.c. of sodium 
nitrite solution (£ mg.) and the cup of the nitrometer further washed with 
1 c.c. of water. The reaction was brisk and invariably took place with 
the production of an evanescent wine-red colour. The reaction mixture 
becomes finally pale yellow and the evolution of the gas was complete in half 
an hour. Gas collected, 12*7 c.c. at 22" and 748 111m., i.c., 11*3 c.c. at 
N. T P. and contained N, 27; NO, 83 per cent. 

The gas evolved in the above experiment was expelled from the 
nitrometer and 0*5 c.c. of NaNO a solution (J mg.) more added to the 
residual liquid in the nitromeler. 9*8 C.c. of the gas at N. T. P. were 
further evolved with the produetton of a slight red colouration and con¬ 
tained N, 38% ; NO, 50% ; COS + COj, 12% (determined by absorption in 
concentrated alkali, cf. Expt. 4). It was observed that upto five molecular 
proportions of nitrous acid could thus react to produce mainly secondary 
decomposition in which the proportion of the residual gas left after treatment 
with alkali and FeSO* solutions rose up to 40^ of the total gas evolved. 
This residual gas was wholly nitrogen because it was unaffected by 

• To avoid unnecessary dilution, add of this strength was used. 
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ammoniacal cuprous chloride solution and by bromine, showing the abduce 
of CO or unsaturated hydrocarbons 

In these experiments sulphuric acid was detected in the residual 
liquid left behind in the nitrometer There was no evidence of the 
production of thiocyanic acid or free sulphur during the reaction. This 
experiment was next done on a large scale to study more closely 
other reaction products, neglecting those present in the gas phase. 

Expt, 2. Action of Nitrous Acid on na^Methylphcnylthio - 

caibamidc in Molecular pioportions in presence of N-Hydrochloiic Acid , 
neglecting the Gas Phase.— Hydrochloiic acid (4 JV-, 100 c.c ) was added 
to the cold solution of aa'-methylphenylthiocarbamide(8-3 g.) in 200 c.c. of 
50 % warm alcohol in a 500 c c. flask. The flask was kept in a water-bath 

at a temperature of ig-2o f '. A solution of 3*5 g. of sodium nitrite (08-5% 

pure) in 100 c c. of water was slowly added to the thiocarbamidc solution, 
with constant shaking during the course of an hour. The red coloura¬ 
tion produced on the addition of the nitrite solution persisted 
more or less for about 25 minutes. The solution then turned 

pale yellow* and more addition of the nitrite solution did not produce 
further change in colouration. After the addition of the nitrite solution 
the flask was put aside for an hour to complete the reaction. Small amount 
of solid separated which when viewed under the microscope appeared to 
be those produced in larger amount in presence of acetic acid (cf. Expt . 5). 
There was no separation of sulphur during the experiment. The solution 
was filtered from the insoluble matter and the clear filtrate examined as 
follows: 

(a) 50 C c. of the solution were just neutralised with ammonia 
when an emulsion was formed which on stirring gave rise to a 
reddish-brow n oil. The supernatant liquid was carefully decanted, the oil 
washed with a little water and extracted with ether. About 0*5 c.c. of the 
oil, obtained from the ethereal extract, was treated with 1 c.c. of 4N-hydro- 
chloric acid when an immediate separation of sulphur took place. The 
acid solution was decanted off the lesidual oily matter. It gave Ubermanns 
nitrosoamine reaction, suggesting the presence of mcthylaniline formed in 
the original reaction mixture. The oil decomposed by itself into sulphur 
and other product when it was heated at 80 0 or kept as such overnight. 
There was, however, no precipitation of any base, corresponding to 
Hector's base in the parent compound, on neutralisation of the acid reaction 
mixture. 

(b) 200 C.c. of the original acid mixture were boiled under reflux for 
an hour. It shortly turned slightly pink and got turbid. The pink colour 
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disappeared but the turbidity was latter followed by the production of a 
light yellow mass of sulphur (0 21 g.). The residual mother liquor from 
this contained thiocyanic acid, undoubtedly formed as a result of the Hydro¬ 
lysis of some free thiocarbamide which was in fact detected in the residues 
obtained by evaporating the reaction mixture to dryness. The lame 
sequence of changes occurs in the original reaction mixture if it is kept as 
such for several days. 

(c) 50 C.c. of saturated ammonium perchlorate solution were added to 
50 c.c. of the acid reaction mixture when an emulsion was produced wilich 
separated as an oil the next day. When placed in a vacuum over sulphtiric 
acid it soldified to a brittle mass. It w as crystallised from methyl alcbhol 
and ether by cooling in ice, m.p. 143 0 (decomp.). It contains N, Sj Cl 
and on boiling in aqueous solution it decomposes to give products al in 
(b) above. 

(d) 50 C.c. of 1% aqueous picric acid solution were added to 50IC.C* 
of the reaction mixture. An amorphous yellow mass at once separated. 
This was found to be due to the presence of methylaniline in the origihal 
solution. The liquid was decanted off this amorphous mass. A light 
yellow precipitate was formed on keeping overnight which was crystallised 
from methyl alcohol, m.p. 140°. It contains S and N and decomposes bn 
boiling with water like the perchlorate. When the precipitate of the picratt 
was crystallised from hot ethyl alcohol, some of it seemed to decompose 
into sulphur and other products. 

(c) 50 C.c. of the acid solution were treated with a solution of barltim 

chloride. TheBaSO* so obtained weighed 0*1382 g. pointing to the oxidation 
of about 10% sulphur to sulphuric acid. The behaviour of the acid reaction 
mixture thus suggested the presence of metliylphenylformamidine disul¬ 
phide hydrochloride in solution to which decompositions, mentioned in 
(a) and (6), could lie attributed. Moreover, the formation of a crystalline 
perchlorate and a picrate from the aqueous solution confirmed the presence 
of this base in solution. The salts of this base with most of the commoner 
acids app^red to be extremely soluble or else products of indefinite oily 
character. 

If in this experiment two or more molecular proportions of sodium 
nitrite were employed, the reaction was marked by the production of an oil 
(vide expt. 5), more solid and sulphuric acid. 

Expt. 3. Action oj Nitrous Acid on a^-Methylphenylthiocarbamide in 
Presence of Acetic Acid (Gas phase) .—aa'-Methylphenylthiocarbamide 
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(0*083 g.) was introduced into the cup of the nitrometer with the aid of 1 c.i. 
of alcohol. To enable the reaction to begin under nearly neutral conditions 
o’5 c.c. of sodium nitrite solution was added before the addition of 2 c.c. of 
2N-acetic acid solution to the thiocarbamide in the nitrometer. The liquid 
got turbid at first and then gas was evolved in an hour. The residual 
liquid contained no thiocyanic acid and only traces of sulphuric acid. Gas 
evolved, ir8 c.c. at 23 0 and 749 mtn. i.t\, 10 4 c.c. at N.T.P and contained 
N, 85% ; NO, 5%. COS, 10%. (c/. Kxpt. 4). In this case also, more 
addition of nitrite solution evolved more gas in which the proportion of 
nitrogen was however less (48% ). 

In the gasometeric experiments 1 and 3 it was found that a gas was 
also evolved which imparted a yellowish tinge to strong solution of alkali 
which then gave test for sulphide In the following experiment this gas 
was subject to closer examination. 

Expt. 4. Examination of the Sulphurous Gas produced in Expts . 
1 and 3.—aa'-Methylphenylthiocarbamide (8 3 g ) was dissolved in 200 c c of 
50% alcohol contained in a 750 c.c. round-bottomed flask. Sodium nitrite 
(3*5 g-) dissolved in 100 c.c. of water was further added to the cold thiocai- 
bamide solution- 100 C.c. of sN-acetic acid were then gradually added to 
the above solution and the temperatuie was kept at 22 0 . The evolved gas 
was successively driven through three absorption flasks containing the 
following reagents. 

(t) Saturated copper sulphate solution acidified with its own volume 
of concentrated sulphuric acid (50 c.c.). 

(ii) 33% Aqueous caustic potash solution (50 c.c.). 

(fit) Alcoholic caustic potash solution (30 c.c.). 

No precipitate of CuS was formed in (i), whilst (it) had a yellowish 
tinge which later disapi>eared. The alkaline solution in (ii ) gave a feeble 
test for sulphide. The alcoholic solution in (Hi), however, gave no test 
with sodium nitroprusside or lead acetate in the cold but on boiling the 
solution, lead acetate gave a copious precipitate of lead sulphide. Also the 
alcoholic solution did not give any precipitate' with dilute copper sulphate 
solution, showing the absence of carbon disulphide in the gas. These 
observations show that the gas is COS. 

In this experiment it was observed that the reaction flask contained 
some brown oily mass adhering to a solid. The solid was freed from the 
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oil !>y digesting with alcohol, yield 2*8 g. In another experiment it 
was found that the amount of the oil was greater when larger proportions of 
nitrous acid were used, whilst the amount of the solid was not greatly affected 
(3 g.). In the next experiment the solid and the oil were investigated. 

lixpt. 5. Examination of the Products of the Reaction formed in 
presence of Acetic A(id t Neglecting the Gas Phase .—The solid isolated in the 
above experiment was found to be a mixture of two compounds which are 
hard to separate by means of the common organic solvents. A chloroform- 
alcoholic solution of these solids, however, deposited the more insoluble 
constituent in blocks The latter compound softeud at 192 0 and melted 
at 199 0 (decomp ). [Found: N, 7 ' 5 ^> 7* 55i ^ 34*44, 34‘6 ; M.W. (Rasts 
method), 380 1 . It was not acted upon by dilute acid and alkali but was 
slowly attacked by concentrated acid and alkali on prolonged boiling. In the 
decomposition with alkali some sulphide was detected in the decomposition 
products but in neither case free methylaniline could be detected in the 
products of the leaction, though there was evidence of the presence of a 
secondaiy amino group. An alcoholic suspension of 0*3106 g. of the solid 
when boiled for 4 hours with ainmoniacal silver nitrate gave 0*8830 g. of 
Ag 2 ^ showing that all of the sulphur in the compound could thus be 
removed by this leagent. (Theory required Ag 2 S, 0*8421 g.). Mercuric 
oxide was less effective for this purpose. In both these cases the alcoholic 
solution obtained after desulphurisation was coloured violet which gave 
a water-soluble residue on evaporation to dryness. Alkaline lead acetate 
remained unaffected when so treated with the solid. These properties and 
the analytical results lather point to the probable molecular formula 
of this compound to be [CoH^N^k^CSglaO. 

The more soluble compound (in p. 205°-io f ) was obtained from the 
chloroform-alcoholic mother liquors in fine needles. It w^as still contamina¬ 
ted with a small amount of the above compound which could not be removed 
even after repeated crystallisations from toluene. It contained nitrogen 
(10%) and sulphur (23%). It resembled in most of its properties with the 
previous compound but differed from the lattei in that it gave thiocyanic 
acid with alcoholic ammonia. The oil usually obtained in these experi¬ 
ments (< / E\pts. 2 and 4) was found to distil at 230^ and was volatile in 
steam. It was not soluble in acids and alkalis and gave thiocyanic 
acid with alcoholic ammonia. The aqueous mother liquor that remained in 
experiment 4 did not contain free methylaniline. 

The action of nitrous acid on the sym-methylphenylthiocarbamide is 
in progress. 
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SUMMAR Y. 

i* Nitrous acid reacts with ua-methylphenylthiocarhaniidc in strongly 
acid solution to produce mainly an oxidation change to mcthylphenyl- 
forniamidine disulphide. 

2. In the presence of weak acids the principal reaction results in the 
evolution of nitrogen. 

3. These results are best explained by assuming that methylphenyl- 
thiocarbamide exists in neutral solution mainly as l*h(Me)NCSNH», whilst 
the presence of acids causes the imino tautomer Ph(Me)NC (SH)NH 
to predominate. 

4. No diazothiol, corresponding to Hector’s base in the case of the 
parent compound, is formed under the conditions of our exi>criments. 

Chemical Laboratoriks. 

Agra College, Agra. Received A lay K, u)y. 
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DIHYDROKURCHINE. 


By J. C. Chowdhury and D. H. Peacock. 

Kurchine was isolated from the bark of HaJarrhacna aniidysenterica 
by Ghosh and Ghosh (/. Indian Chem Soc. f 1928, 5 , 477). In the course 
of an examination of the bark of this tree (Peacock and Chowdhury, 
]. Chon. Soc. t H)35, 734) we isolated kurchine and several other 

alkaloids. We tried to reduce these in ethyl alcohol solution by Adams, 
platinum oxide method; with eonessine (Haines, Pharm. J ., 1865, it, 6, 432') 
lettocine (Peacock and Chowdhury, loc. cit ), i.soconessimine (Siddiqui, ] 
Indian Cliim . Scn. t 1034, 11 , 283) and conitnine (Siddiqui, loc . cit.) ; no 
reduction was observed Kurchine (C 2 H, tH N 2 ) Rave dihydrokurchine 
(C 2 ,H<oX 2 ) as an oil which could not be obtained crystalline. Dihydro- 
kurchini Rave a dihydriodide (Co.iHniNg, 2IIIJ, m.p. 2i2 f , a neutral sul¬ 
phate (Co { H4oXa,H 2 S( )*), very sparingly soluble in water, m.p. 334 0 and 
a picrate, m.p. iy6 r . Kurchine itself was not acetylated by heating with 
acetic anhydride but dihydrokurchine gave an acetyl compound [C23HpNg'- 
(COCII3)], m p. 112 1 . It would appear, therefore, that of the two tertiary 
nitrogen atoms in kurchine one is combined as : >C : N- and 
on reduction gives >CH‘NH-. Dihydrokurchine gave a nitroso 
derivative (C 2 .tH.n*NVN< >), m.p. ioq c , and a ^-toluenesulphouyl deriva¬ 
tive (CgrtHsnNg'*S<> 2 C r ,H|Me), m.p. 174°. Dihydroknrchine is thus a 
secondary base. 


K X I* K K I M K N T \ I . 

nihydtokuu'liinc. —Kurchine (13 g.) was mixed with platinum oxide 
(005 g ) and rectified spirit (3b c.c.) and shaken in an atmosphere of hydro¬ 
gen for 1$ hours at 28-30 . Reduction then appeared complete, the volume of 
hydrogen absorbed was 135 c.c. corresponding approximately to the addition 
of one molecule. The solution was filtered from platinum, acidified with 
hydrochloric acid and the ethyl alcohol removed under reduced pressure. 
The residue was dissolved in water; and a solution of sodium sulphate 
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added, when the sparingly soluble diliydrokurchine sulphate was precipitated 
it was recrystallised from rectified spirit in colourless needles, imp. 334 
(decorap.). (Found : S(.> 4 , 21*1, 217. C\ H42O4N2S reiiuircs SO4, 217 
per cent). The base liberated from the sulphate was a colourless oil soluble 
in acetone, ether, petrol ether, benzene and chloroform. 

Dihydrokurchinc Hydriodidc. —It was precipitated as an oil by 
adding a strong solution of potassium iodide to a solution of the hydro* 
chloride of the base. It crystallised from hot water as colourless prisms, m.p. 
222 0 , sparingly soluble in cold water, readily soluble in methyl and 
ethyl alcohol. (Found : I, 4207, 421. CgnH 12^2^2 requires I, 42*3 
percent). Dihydrokuichinc picratc crystallised from ethyl alcohol, m.p. 170°. 

When lettocine, conessine, isoconessimine and conimine were similaily 
treated no reduction was observed. 

Acctyldihydtokuichinc. —Dihydrokurchinc (0*2 g.) was mixed with 
anhydrous sodium acetate (0*5 g ) and acetic anhydride (5 c.c.) and heated 
for 3 hours on an oil-bath at 135 - 140°. The acetic anhydride was leinoved 
under reduced pressure and the residue dissolved in water, basified with 
ammonia and extracted with ether. The ether was lemoved when an oil 
was obtained which is readily soluble in acetone, methyl alcohol, ethyl 
acetate and benzene; sparingly soluble in petrol cthci It was dissolved in 
methyl alcohol and neutralised with dilute sulphuric acid. The acetyl 
diliydrokurchine sulphate crystallised on cooling as colouiless needles 
from hot water, m.p. 268 . [Found : SO.*, 10*03, io*oi. (Cyr>H 12* ^2)2* 
H 2 S() 4 requires S< >4, 11*0 per cent]. The base, liberated from the sulphate 
by caustic soda, was taken up in ether, the ether removed and the residue 
repeatedly crystallised from rectified spirit when it was obtained as colourless 
needles, m.p. 112 0 . 

Kurchine similarly treated was not acetylated. 

Nitrosodihydrokui chine- —Diliydrokurchine (o-Sg.) w as dissolved m 10 % 
acetic acid (15 c.c.), cooled and a solution of sodium nitrite (0*5 RJ uatcl 
^5 c.c.) slowly added. The nitroso compound which sepaiated wasfiltmd, 
washed with water and repeatedly ciystallhed from icctifitd spilil. bilwso* 
dihydrokurchinc separated as pale yellow crystals, m.p. 1 no", sparingly 
soluble in ether, petrol ether and ethyl acetate ; soluble in acetone, acetic 
acid and ethyl alcohol. (Found: N, no. C, 3 H 31i ON 3 requires N. 
11*26 per cent). 

l>-Toluenesulphonyldihydrokurchinc .—Dihydrokurchinc s gj was 

mixed with 10% caustic soda solution (10 c.c.) and finely powdered 
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futoluenesulphouyl chloride (io g.) slowly added with good shaking. Alter 
2 hours the mixture was heated to 8o° to decomi>ose unchanged sulphonyl 
chloride, filtered and washed. The oily crude product was repeatedly 
precipitated from rectified spirit and finally obtained crystalline, p-Toluene- 
sulphonyldihydrokurchine is readily soluble in acetone, ethyl acetate and 
chloroform, s]>aringly soluble in ether and i>etrol ether, ro.p. 174 0 . (Found: 
S, 6 23. C S oH 10 < )*N 8 S requires S, 6-43 per cent). 

()ne of us (J. C. C.) wishes to thank the University of Rangoon for the 
award of a scholarship in order to carry out this work. We have to thank 
Mr. M- N. ('.allant, Forest Economist, Burma and the Burma Forestry 
Department for the supply of the bark used in this work and the University 
of Rangoon for a grant in aid. 


t'NIVKUSITY Col.l.hl.K, 

Rangoon, ISuhma. Received July 9, 1Q37- 



NATURAL GLUCOSIDES. PART 1. THE CONSTITUTION 
OF THE GLUCOSIDE PRESENT IN MURRAY A EXOTICA. 

By Prafulla Kumar Bose and (Miss) Asima Mookkrjek. 

From the flowers of of Murraya exotica , Linn. (N. (>. Rutaccac) de Vry 
and Bias (Z. Chan., 1869, 310; van Rijn, " Die Glykoside/ JQ 3 1 * P* 256) 
isolated a bitter, crystalline glucoside which was called murrayin. 
According to these investigators it has the molecular formula, CujHaa* >10» 
£H 2 0 , and a melting point of 170°. It was found to dissolve in alkali 
with a yellow colour and a greenish-blue fluorescence. The hydrolysis of 
murrayin by dilute sulphuric acid afforded murrayetin according to the 
equation: 

^ 18 ^ 22 * >10 + Hs( > ~ CisH]2<)a + C ( ;IIi2 () (; 

(Murrayetin). (Olumsi). 

Murrayetin, which formed small rhombic needles, m.p. no , dis¬ 
solved in aqueous alkali with a blue fluorescence and formed a yellow’ 
lead salt. 

From the air-dried petals of AL exotica we have been able to isolate a 
w r hite crystalline glucoside in an yield of 1 3% . It melts at2i8 l ,hasa 
bitter taste and dissolves in alkali forming a yellow solution, which, unlike 
murrayin, does not show any greenish-blue fluorescence. 1 his glucoside 
w r as found to contain 8*55% methoxy group. Hydrolysis with dilute 
sulphuric acid gave a crystalline aglucone which melts at 202-4 . It 
dissolves in alkali with an intense* blue fluorescence, but unlike murrayetin 
does not give a yellow precipitate with lead acetate. The aglucone 
contained 16’ 17% methoxy groups. We thought that the aglucone might 
be identical with scopoletin (II), in asmucli as the analysis, colour 
reactions and the melting point of om aglucone agreed well with tlmse of 
scopoletin. To confirm the identity of the two compounds, we methylated 
our aglucone and obtained a white crystalline methyl derivative, m.p. 142 , 
which was insoluble in alkali. When mixed with a synthetic specimen of 
esculetin dimethylether (III), which melted aM4i°-2°, there was no depres¬ 
sion in melting point. It, therefore, follows that the glucoside isolated by 
us from the flowers of AL exotica is nothing but scopolin (I), the m.p. of 
which is reported to be 215-17°. We believe that de Vry and Bias had an 
impure specimen of scopolin in their hands and this they called murrayin. 



400 


1*. li. HOSE AND A. MOOKKRJEE 



Me()f /N Y / N MeO| 


H«U 


/w 


v^/CO MeOl^yk^/CO 
O O 


(ID 


(III) 


Experimental. 

Isolation of Scopolin.— Air-dried petals (150 g.) of M. exotica, which 
were collected from the suburbs of Calcutta in June, were refluxed with 
11 litres of rectified spirit for two hours and filtered hot. The extraction 
was repeated thrice with the same volume of alcohol. Thfc combined 
filtrates were concentrated under reduced pressure to about 400 c.c. and 
treated, while still hot, with a saturated aqueous solution of lead acetate 
till there was no further precipitate. The yellow lead salt w as filtered off 
and washed with hot alcohol. The lead salt was suspended in hot alcohol 
(300 c.c.) and saturated with sulphuretted hydrogen and the lead sulphide 
filtered oft. The orange filtrate on concentration did not give any 
crystalline residue. 

The filtrate, left after the removal of the lead salt, was freed from 
lead by means of sulphuretted hydrogen and the cle&r yellow filtrate was 
distilled under reduced pressure to remove alcohol. The residue was 
taken up with 100 c.c. of hot watei and repeatedly shaken with chloroform 
(15 c.c. were used each time). During extraction with chloioform, a light 
brown voluminous precipitate separated out which was collected. The 
aqueous filtrate gave a further quantity of the precipitate on concentration 
on the water-bath and cooling. The combined precipitates were thrice 
crystallised from methyl alcohol (charcoal) when colourless needles, 
m.p. 21S 0 , were obtained ; yield i'g6 g. It is easily soluble in hot watei 
and aqueous alkali, but insoluble in chloroform. (Found in material 
dried at 110° in vacuo. OMe, 855. CicHihOq requires OMe, 8*76 
per cent). 

Hydrolysis of the Glucosidc : Formation of (II)*—The glucoside 
(0 358 g.) dissolved in w ater (20 c.c.) w as heated with 2 drops of concentrated 
sulphuric acid for 4 hours at ioo°. The solution was then extracted eight 
times witli chloroform, 10 c.c. being used each time. The combined extracts 
were dried over anhydrous sodium sulphate and the solvent removed on the 
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water-bath. The brownish crystalline residue was distilled in high vacuum 
and then crystallised from acetone, when almost colourless needles, 
m.p. 202-4 0 , were obtained; yield 0*13 g. (Found : OMe, 16*17. 
CioH 8 0 4 requires OMe, 1615 per cent). 

Methylation of (II): Formation of Esculctin Diinethylciher.*—o*os 0 . of 
(II) was mixed with 0*042 g. of methyl iodide, 5 c.c. of acetone and o*i g. 
of anhydrous potassium carbonate and the mixture was refluxed for 6 hours 
on the water-bath. It was then filtered and the filtrate evaporated to 
dryness. The residue was washed with cold water, dried and distilled 
in high vacuum. The distillate was finally crystallised from methyl 
alcohol when colourless needles, m p. 142°, were obtained. Ksculetin was 
methylated in a similar manner using the calculated quantity of methyl 
iodide and the dimethylether, m.p. 141-2°, did not depress the m. p. of the 
above compound. 

Chemical Laboratory, 

University College ok Science Received .1 ugust 24,1937. 

and Technology, Calcutt\ 



NEW COMPOUNDS OF GALLIUM. PART II. 

By Panchanan Neogj and Sarajit Kumar Nandi. 

Iu continuation of our work (Neogi and Nandi, /. Indian Client . Soc., 
1036, 13, 390) we have succeeded in preparing sotne of the common inorganic 
compounds of the rare element gallium which have hitherto been unknown. 
The orthophosphate of gallium has l>een obtained by two different methods, 
viz. f (i) dissolution of the hydroxide in orthophosphoric acid, and 
(it) precipitated by the action of sodium hydrogen phosphate on the nitrate 
solution. Gallium salts of hydracids of the halogens are known, but those 
of oxyacids of the halogens are not known. We have been able to prepare 
the chlorate, iodate and the broinate in solution only, which decomposes on 
concentration even in vacuum evolving bromine. 

As regards analysis in the case of the phosphate, the salt was first 
dissolved in dilute nitric acid and the phosphoric acid precipitated as 
ammonium phosphomolybdate. In order to determine the metal, the filtrate 
was evaporated to a syrupy consistency w ith sulphuric acid, and carefully 
heated over a free flume until nitric acid w'as expelled. The residue was 
moistened with hydrochloric acid, taken up with water, and the molybdenum 
was separated as sulphide. The metal was then precipitated from the 
filtrate as hydroxide by means of ammonium chloride and ammonia, which 
was ultimately igipted and weighed as oxide. 

To analyse gallium chlorate, iodate and the !>asic iodate, the first one 
was dissolved in water and the others in dilute hydrochloric acid and the 
gallium was precipitated as hydroxide from the solution and weighed as 
oxide. To estimate the chlorine in the chlorate, the filtrate from the 
hydroxide was first reduced to the chloride by means of ferrous sulphate and 
then precipitated as silver chloride. To estimate the iodine, the original 
iodate solution (in dilute sulphuric acid in the case of iodate and dilute 
hydrochloric acid in the case of basic iodate) was run into a solution of 
potassium.iodide containing hydrochloric acid and the liberated iodine was 
at once titrated with thiosulphate solution in the cold. 

All the aualyses were performed with the weights of substances made 
constant at room temperature by keeping them in air for a fairly long 
time. 

K x V K R 1 M E N T A I.. 

Gallium Orthophosphate , GaPt)4, 3H2O. 

This salt was obtained by just dissolving freshly precipitated gallium hy¬ 
droxide in dilute solution of orthophosphoric acid. The solution was left in a 
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vacuum desiccator for crystallisation but the solid thus obtained was insoluble 
in water. It was repeatedly washed with alcohol to free it from adherin, 
phosphoric acid and again dried. The solid is also obtained by the addition 
of absolute alcohol to the solution. It is a white inicrocrystalline substance, 
insoluble in water, alcohol and ether, but soluble in dilute hydrochloric acid. 
(Found: Ga, 3174 ; P 2 Or,, 32*07. GaP() 4 , 3H0O requires Oa, 31*96; PgOfi, 
32*42 per cent). 

The same compound witli identical properties was obtained as a pre¬ 
cipitate when sodium hydrogen phosphate solution was added to a solution 
of gallium nitrate. The precipitate was washed with water, dried in a 
vacuum desiccator and then 011 analysis gave exactly the same composition. 
(Found : Ga, 32*47 ; IW,, 32*80. GaP 0 4 , 3 H. 2 <) requires Ga, 31*96; 

32*42 per cent). 


Gallium ChlotaU , Ga(Cl< >.*).!, H 2 G. 

It was prepared by the double decomposition of the solution of gallium 
sulphate and barium chlorate until all barium were precipitated as sulphate. 
The filtrate was kept in a desiccator when needle-shaped white crystals 
appeared. The substance was w ashed with alcohol, recrystallised and dried. 
The salt is a white needle-shaped crystalline substance, soluble in water and 
hydrochloric acid, but insoluble in ether and alcohol. The salt is converted 
into chloride on heating. | Found : Ga, 20*43 ; Cl, 31*0. GafClOJa, HgO 
requires Ga, 20*67 ; Cl, 31*47 per cent]. 


Gallium lodate , Ga(I 0 3 / 3 , 2II2O. 

Metallic gallium was dissolved in nitric acid and the theoretical amount 
of iodic acid added to the solution ; the nitric acid was driven off by 
evaporation 011 the water-bath, when white crystals of gallium iodate 
appeared, which w*as subsequently washed with w f ater and carefully dried in 
a desiccator over calcium chloride. This substance is sparingly soluble in 
water, insoluble in alcohol and ether, but soluble in dilute hydrochloric, 
sulphuric and nitric acids. The salt was defomposed by concentrated 
hydrochloric acid with the evolution of chlorine and iodine vapours evolved 
on prolonged boiling with concentrated hydrochloric acid- [Found : Ga, 
11*06 ; I, 60*84. Ga(l 0 3 ) 3 , 2H2O, requires Ga, 11*09 ; I, 60*38 per cent]. 

7 
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Basic Gallium lodate, Ga(I0 3 )s, Ga 2 Oa, 3HfO. 

This basic compound was obtained as a white precipitate when sodium 
iodate solution was added to a solution of gallium nitrate. The precipitate 
was washed several times with water and dried. The substance is insoluble 
In water, alcohol and ether, but soluble in dilute hydrochloric acid. 
[Found : Ga, 24-83 ; I, 45*26- Ga(IOs) 3 , Ga 2 0 3 , 3 H 2 0 requires Ga, 25*09; 
I, 45'5* per cent). 


Gallium Bromate. 

Gallium bromate was prepared in the same way as the chlorate, barium 
bromate being used in place of the chlorate. The resultant solution of 
gallium bromate, which was a weak one owing to the limited solubility of 
barium bromate, on f>eing concentrated decomposed and bromine vapour 
was evolved. Hence it shows that gallium bromate is an unstable 
compound. Attempts were made to precipitate the gallium bromate by 
means of absolute alcohol, acetone, as well as alcohol and ether, but no 
solid bromate separated. The partly dried, salt still contained small 
quantities of the bromate but when the solid w as completely dried there was 
no trace of bromine in it, and the hydrate remained. 


Chemical Lahorator\ , 
Pkesi 1 «nc\ College, 
Calcutta 
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PHOTOCHEMICAL REACTIONS WITH SOME INORCA 1 C 
COLLOIDS AS ACTIVE AGENTS UNDER THE INH UENCE 
OF LIGHT IN VARIOUS STATES OF POIARKVTMN 
PART I TUNGSTIC AC D, MOLYBDIC At ID. CHROMIC 
TUNGSTATE. ETC. PHOTO \CTl\ T RLAuEVTS . 
O TICAL PROPERTIES OF THESE SOL' CIRCULAR 
DICHROISM IN THE ULTRAVIOLET. 

By J. C\ (rHOMi, T Banerjee ani» S. K Mi khi kui 

I N T R O I) V C T I O \ 

The most important photochemical s>nthcsis in iiatuu,llc assimila¬ 
tion of carbon dioxide, takes place on the surface of the chloroplasts. 
Studies on the mechanism of photochemical reactions m heterogeneous 
systems, other than those involved in the processes, have been meagre 
Such studies have an additional interest in that they may throw light on 
the process of asymmetric synthesis. The well known experiments of 
Weigert and Zocher on the anisotropy of thin layers of silver halide, 
irradiated with polarised light, promise interesting developments (Zocher and 
Coper, Z. physikal. Chem., ig 2 S,i 32 , 303, 313 ; Weigert, Naturwiss 1928, 
16 , 163 ; Z. physikal . Chan., 1929, 3 B, 377, 389; 1929, 4 B, 83). 

Weigert discovered that a layer of photochloride on development after 
exposure to linearly polarised light has a weaker absorption for light with a 
direction of vibration parallel to that of the exciting beam, than for that with 
perpendicular vibrations (Weigert Effect, Ann . Physik , 1920, tv t 36 , 681). 

Analogous to this phenomenon, Zocher and Coper discovered that the 
illumination of silver chloride with circularly polarised light gave a layer 
of silver which showed simultaneously circular dichroism and circular 
double refraction. Cotton showed as early as 1893 that in the case of true 
solution of optically active substances, circular dichroism will be observed 
in the neighbourhood of an absorption band which is due to an electronic 
system that contributes to the optical rotation (Cotton effect). This dis¬ 
covery was followed up with remarkable ingenuity by Kuhn and co-workers, 
who were able to obtain optically active products by photochemical 
decomposition of solutions of ethyl u-bromopropionate and a-azide-propionic 
dimethylamide with circularly polarised light (Z. physikal. Chem ., 1930, 

7 B, 292 ; Naturwiss ., 1929, 17 , 227 ; 1930, 18 , 183). 

It is not unreasonable to expect that photochemical reactions taking 
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place on photo-active surface of micelles, where the molecules are arranged 
n a definite pattern, will show many peculiarities which are not observed in 
homogeneous photochemical reactions. The nature of these patterns and 
consequently the optical and surface properties of these micelles may under¬ 
go considerable variation if, during the aggregations of the constituent 
molecules to form the micelles, they are exposed to different types of 
polarised beams of light which they are capable of absorbing. It is 
because of this expectation that in our experiments, the reagents responsible 
for sol formation were in most cases exposed to radiations of different types, 
immediately after they are mixed together and attempts at purification from 
electrolytes by dialysis and other processes were avoided. Many sols are 
known where the micelles have been found to be needle-shaped or disc¬ 
shaped and have microcrystalline structure. It is probable that these 
sols, rather than those where the particles have amorphous structure and 
spherical shapes, will have stable characteristic orientation of the molecules 
during micelle formation and exhibit optical anisotropy. Our experimental 
results which are recorded in the following papers indicate unmistakably 
that in many cases circular dichroism in photo-active sol can be detected 
and in all such cases, a differential effect can be observed in the velocity of 
photochemical reactions when exposed to the same intensity of oppositely 
circularly polarised light. 

Following up his pioneering work on micro-heterogeneous catalysis, 
Bredig and collaborators have demostrated the parallelism between selective 
enzyme action and that of simple optically active catalysts. Bredig and 
Fiske found that the addition of hydrocyanic acid to benzaldehyde in 
presence of ( +) quinine or ( —) quinidine, followed by hydrolysis resulted 
in the formation of( + )or( —) mandelic acid respectively ( Biochem . Z., 
1912, 18, 7). Bredig and Gerstner have found that dimethylamino 
groupings introduced into the structure of cotton fibre gave a catalyst 
which led to the formation of /-rotatory mandelonitrile ( Biochem . Z. t 
1932, 280, 414). 

We believe that we have in our experiments been able to prepare by 
illumination with circularly polarised light micro-heterogeneous systems 
having asymmetric photo-active properties. 


V ana die Acid Sols . 


It is well known that vanadium pentoxide is photosensitive ; it becomes 
black when exposed to light in contact with glycerol, benzaldehyde, etc. 
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When solutions of citric acid or tartaric acid arc illuminated in presence 
of vanadium pentoxide, bluish green solutions arc obtained (Reuz, 
Helv. Chim . Acta , 1921, I, 961). A thorough quantitative study of the 
mechanism of these reactions using monochromatic radiations and vanadic 
acid sol has not been made. This sol has got many peculiar properties. 
Freundlich and Leonhardt observed the phenomenon of streaming double 
refraction (Koll-Chcm. Bcih ., 1915, 7 , 172). According to Reinders this bire¬ 
fringence is not observed with freshly prepared colloidal solutions of 
vanadium pentoxide. On keeping, the double refraction is developed 
due to the formation of needle-shaped microcrystalline micelles ( Proc . 
Akad. Amsterdam, 1916, 19 , 189). Kruyt studied the Tyndall-effect of 
these sols in an electric field. This effect becomes very pronounced when 
the field is perpendicular to the luminous beams ( Vcrls. A had- Amsterdam, 
1918, 18 , 1625). Wiegner (ct al) has given a concise and clear resume 
of these properties (Kolloid Z , 1922, 30 , 145). Errcra found that a sol, 
five years old containing 14 parts of vanadium pentoxide per thousand, had 
a specific inductive capacity of 400 ( Kolloid Z., 1922, 31 , 59 ; 1923, 32 , 157, 
372). Lange studied the polarisation of the Tyndall light from the sol 
and concluded that the particles were not spherical in shape (Z. physikal . 
Chcm., 1928, 132 , 21). Zocher (ct al) have studied the thixotropic 
properties of the sol and noticed that these sols within certain range of 
concentrations separate into two phases, one isotropic and dilute, the other 
anisotropic and concentrated ( Kolloid Z. t 1927, 41 , 220). He has also 
described the various methods for determining the anisotropy of colloidal 
particles (Kolloid Z., 1925, 37 , 347). 

The application of “ Azimuthblende " to dark ground illumination 
enabled Szegvari to study the regional orientation of needle-shaped 
micelles, and he concludes that “ Die fast ausschliesslich nadelfdr- 
migen Teilchen des Vanadium pentoxide soles sind gebietweisc Unter- 
einander parallel orientiert” ....‘*I)ie dauernde Doppelbrechnung, die diese 

sole in makroscopischen Schichten zeigen ist auch verstandlich.Line so 

einmal erzeugte niakroscopische Orienterung der an sicli microskopisch 
orientierten Gebiete wird nach Aufhoren des sie verursachenden Geschwin- 
digkeitsgefalles bestehen bleiben” (Z. physikal. Chcm., 1924, 112 , 300, 
304). 


Tungstic Acid Sols. 


Wasiliewa observed that when a colloidal solution of tungstic acid is 
illuminated in presence of dextroses, formaldehyde, etc., a blue solution due 
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to reduced tungstic acid is obtained (Z. W 7 $s. Phot., 1913, 12 , 1 ; c/., also 
Ghosh and co-workers, /. Indian Chem . Soc. f 1929, 6, 231, 975)- Ghosh 
and Bhattacharyya have studied the effect of ageing of sols of tungstic acid 
and molybdic acid on their capacity for the photoreduction of ethyl alcohol 
(/• Indian Chcm Soc., 1930, 7 , 720) 

It was observed long ago by Graham that when a dilute solution of 
hydrochloric acid is added to a solution of sodium tungstate until the liquid 
becomes acid, a colloidal solution of tungstic acid is formed. Huttig and 
Kurre (Z. anorg Chc>n. t 1922, 122 , 44) from a study of dehydration curves 
deduced that yellow tungstic acid prepared from a boiling solution is a 
compound HgWOf, but that the white product prepared in the cold is a 
colloid behaving as a conglomerate of tungsten tiioxide particles arranged 
in an iricguV ” aimer Jander and Winkel (Z. physikal. Chcm., 1930, 
149 , 97' found that the nonnal tungstate exists in solution between p H 6*5 
and 14 ; between p u i*5 and 5, tungstic acid exists in polymerised colloidal 
form. 

The shape of the micelles of tungstic arid have not been fully studied. 
Wicgncr states that they are flat and disc shaped (/. Soc. Chem. Ind. t 1931, 
00, 110 T> 

Diniuinsk* ind Djatschkouski (Kolloid Z , 1929, 48 , 49) conclude “ Die 
a’lmahli h. K ,»p exation \ou weinsauien Komplcxcn durch Eintritt von 
WO3 Radikalen fulut zunuchst zu grobdispersen Kolloiden, bei weiterer 
Sattigung aber zu hochdispersen Kolloid-systemen. Die untersucliten 
Kolloid-s\ ‘ teme, bes tzen tliixotrope Eigenschaften und die Gele besitzen 
such photo-chemische Knipfindlielikcit.” Freundlicli and Kross (Kolloid Z., 
1030,02,40) in their studies on titanium dioxide sols observe that these 
sols me tluxotiopic but ultramicroscopie investigation does not reveal any 
de\i it >ii ii0111 spherical shape. The strong depolarisation of the Tyndall 
light is, however, in agieenient w ith the general expectation that concentrated 
thixotropic sols should exhibit posithc streaming double refraction. 
Tungstic acid sols, which also exhibit thixotrop> may, therefore, be expected 
to possess optical anisotropy. 


Molybdic Acid Sol. 

Graham obtained a colloidal solution of molybdic acid by the addition 
of hydrochloric acid to a solution of sodium molybdate. According to 
Britton and German who carried out electrometric titration of solutions of 
sodium molybdate wdth hydrochloric acid, an inflexion point is observed 
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at p u 4*8, below which a highly ionised polymolybdic acid exists (J. Chem. 
Soc ., 1930, 2154). 

H2[0(Mo0 3 ),]^====^2H f +■ [ 0 (Mo 0 3 ).r]" where x is about 4. 

Dumanski and co-workers studied the conductivity and freezing point 
lowering of solutions obtained by adding acids to sodium molybdate. The 
colloidal molybdic acid was not coagulated either by cooling or heating and 
had a mol. wt. of the order of 1200 (Kolloid Z.,1926, 38 , 208). Wohler and 
Engels conclude that depending on conditions of experiment, molybdic acid 
can be obtained in the colloidal state. Oil acidifying, the molybdic acid 
polymerises, but the particles are so small that the solution on prolonged 
dialysis diffuses through a parchment ( Koll.-Chcm . Bcih., 1910,1,454). 
Ghosh and Bhattacharyya have studied the photochemical reduction of colloi¬ 
dal molybdic acid by ethyl alcohol (J. Indian Chcm . Soc., 1930, 7 , 717). 

The authors are not aware of any investigation which had for 
its objects the determination of the shape of the particles of molybdic 
acid sol. 

S. Ghosh and N. R. Dhar (Z. anorg . Chcm., 1929, 184 , 135 ; 1930, 

190 , 425) observe “ dass frisch aus Ammoniummolybdat und Salzsiiure 
hergestelltes Sol von Molybdiinsaurc grosse Mcngen Molybdansaure mole- 
kular gelost enthalt, welclie sich allmahlich zu grosseren Molekeln und 
Kolloidteilchen vereinigen und schliesslich ausgefallt werden, wenn die 
zusammenballung fortschreitet." 


Uranic Acid SoL 

Diachkovoski ( British Chemical Abstracts, 1927, 1137 ), has studied the 
properties of uranic acid sols. The velocity in electric field corresponds 
with a negative charge of 1*984 x io~ 8 E.S.U. 

Aloy and Valdignie (Compt. rend., 1923, 176 , 1229) observed that if a 
mixture of uranium salt, dextrose and methylene blue in solution is exposed 
to light, the dextrose is oxidised and methylene blue reduced, the uranium 
playing the r 61 e of photocatalyst. 


Chromium Hydroxide SoL 

A very large number of investigations have been carried out with 
chromium hydroxide sol, since it was first obtained by Graham by peptis- 
ing the freshly precipitated oxide with chromic chloride and subsequent 
dialysis. A positive hydrosol is obtained in this way. On the other hand 
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the green sol obtained by adding excess of alkali to a solution of chromic 
salt is negative. The structure of the micelles has been studied by 
Wintgen and Lowenthal, Wintgen and Kuhn (Z. physikal. Chem ., 1929, 109 , 
391 ; IQ28, 188 , 149). who found that the following equation holds good, 

fen 

Log Ai = -0*707 log + 44 


where Al is equivalent aggregation 

Chromium Tungstate Sol . ()ur knowledge of this sol is meagre. Its 

method of preparation has been described in a paper by Banei jee (/. Indian 
Chem. Soc. t 1937, 14 , 59). 


B. General Experimental Arrangement for the Study of 
Photochemical Reactions in Polarised Light. 

The experimental arrangement is described in Fig. 1. The source of 
light was a point source quartz mercury lamp which was run from a 
battery of 30 volts. An ammeter in circuit and a variable external resistance 
were used to keep the strength of current constant at value between 2 and 
2*6 amperes. 

The following filters were used for isolating monochromatic radia¬ 
tions:— 


For 

> Chance Pros, ultraviolet filter (1 cm.). 

33W») 

366mm—S chott and Gen ultraviolet filter no. 312. 

436mm I 

> Zeiss monochromats. 

579MM J 

In the case of red light, a thousand c.p. point-o-lite Ediswan lamp was 
used w f ith suitable filters. 

Light from the lamp was rendered parallel by a quartz lens placed at 
its focal distance from the lamp and passed into the reaction vessel kept 
inside a double jacketted box through a window of fused quartz plate. 
The temperature was kept constant within o'i° by circulating water from 
a thermostat through the annular space of the box. The reaction vessel 
was a rectangular stoppered cell made of plane parallel plates of fused 
transparent silica. No cement was used, the rectangular joints being 
fused to one another. The closed stopper which was very well ground into 
a circular aperture in the thick top-plate of the reaction cell was in some 
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cases replaced by a hollow stopper with inlet and exit tubes for bubbling 
pure nitrogen. The intensity of incident radiation was varied by using 
quartz lenses of different focal lengths. The method of measuring inten¬ 
sities actually absorbed by the leaction mixture consisted in first observing 
the deflection in a Moll galvanometer with a Moll surface thermopile covered 
with a quartz v\indow and placed immediately behind the reaction cell which 
contained only w ater. The deflection was next noted w lien the cell was 
filled with the reacting mixture. The difference gave the quantity of 
radiant energy absorbed by the reacting system. The thermopile recording 
system was frequently calibrated by means of a standard incandescent lamp 
tested by the National Bureau of Standards, Washington. The scattering 
power for light was found to be very small in the case of the sols, which we 
have studied (vide Part VIII*). 


Fig i. 



Description and the Working Principle of the Polarising Apparatus 
especially Constiucted for the Purpose . 

Plane polarised light was obtained by interposing in the path of 
the parallel beam a prism (N) of the Gians type supplied by Bernard 
Halle. 

This was fitted with a graduated circle (G) and the rotation of the prism 
can be read from a.vemier (Z) attached to the stand. 


To be published in the next issue of this Journal. 
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The circularly polarised light was obtained with the help of the 
polarising prism and a quartz quarter wave plate (Q), specially constructed 
for the purpose by Carl Zeiss. The latter was of the type for which the 
path of retardation between two principal components can be adjusted to 
the exactly A 4 for any given wave-length by means of a calibrated 
rotating drum (D), (R is the pointer which reads the wave-length on the 
drum), which slides the component parts of the quartz combinations with 
respect to each other. The direction of vibration of light transmitted by 
the polarising prism was determined by reflecting it at very near Brewsterian 
angle from a plane glass plate. 

The axis of retardation of the A/4 combination was determined by 
combining it with a Fresnel’s Rhomb so that the principal directions of the 
former may be in the plane of incidence for the latter, and perpendicular 
to it respectively. When introduced between crossed nicols, if they restore 
the light strongly, the axis of retardation for the A/4 plate is the same 
as for the Fresnel’s Rhomb. Otherwise, they are at right angles to each 
other. 

A] A'j,A 2 . A ; o are the principal axes of the A/4 plate. Let light 
be incident from below in the plane of the paper, when A 2 A' 2 is the axis 
of retardation, the rotation is anticlockwise or dextro-rotatory and corresponds 
to right handed circular polarisation or d-circular polarisation. On the other 
hand, Aj A'i is the axis of retardation, the emerged light is left-handed 
circularly or f-circularly polarised light (vide fig. 2.) 


Fig 2* 



Axis of vibration of light 
transmitted by polariser. 


C. Measurement of Circular Dichroism. 


Kuhn and Braun (Z. physikaL Chem., 1930, 8B, 446) have developed 
a method for the determination of circular dichroism in the ultraviolet based 
on the principle that the axial relations of an elliptically polarised beam of 
light are changed on passing through a medium which has different absorp¬ 
tion coefficients for d- and J-circularly polarised light. “Dnrch eine 
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Halbsdiatten-vorrichtung wird erreicht, dass die eine Halfte des Gesichts- 
feldes vor dem Eintritt in das absorbierende Medium in veranderlichem 
und messbarem Mass Schvvach rechts-, die andere in davenverschiedenem 
Mass linkseiliptisches light liefert. Durcheinem Analysator werden die 
Bedmgungen festgestellt, under denem das Achsenverhaltniss der beiden 
aus dem absorbierendem Medium austretenden Strahlen jegleichen Betrag 
erhalt.” 

On a similar principle Bruhat has developed a method for measuring 
circular dichroism in the visible (Bull. Soc. chim., 1930, 47 , 251). 

Our experimental arrangement for measuring circular dichroism in the 
ultraviolet is given below :— 

An End-on-quartz mercury lamp (S), run from a battery of 220 
volts at constant current is focussed on slit S! of Hilger Larger Aperture 
Monochromator D 41, by the quartz condenser (F 278) L (vide Fig. 3). 
Monochromatic radiation passing through slit S* was converted into an 
approximately parallel beam by the cylindrical lens of fused quartz and 
focussed on the plate in the camera K. Immediately in front of this was 
placed the Wollaston prism Q, which gave two beams with a separation of 
2*5 mm. and polarised at right angles to each other. P is the A/4 plate 
manufactured by Carl Zeiss. The two beams, circularly polarised in 
opposite direction, were now passed through an absorption cell C of fused 
transparent quartz (1 cm. square x 2mm.). Between the lens L» and slit Si 
was fitted a graduated rotating sector (Leiss) mounted on the spindle 
of a motor. 

Fig. 3 . 
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Ilford process plates were used in the camera; by a rack and pinion 
arrangement, fitted to the carrier, fourteen impressions could be taken one 
above the other on the same photographic plate. Kach plate contained 
nine impressions with water in the cell for nine different readings of the 
rotating sector, time-interval being the same in all cases. The remaining 
five impressions were taken with the cell filled with the sol matured 
under five different conditions. The time of exposure was regulated with 
an accurate metronome. 

A graph was diawn by plotting log sector reading (which is 
proportional to log /, / being the intensity of the transmitted light) against 
blackening* of the coilesponding impression on the plate. Fig 4 gives 
the nature of the graph obtained. The time of exposure with the sol in 
the absorption cell was so chosen that with full aperture (180°) of the 
rotating sector, blackening of the impressions obtained always remained 
in the portion of the curve AH, where it was a straight line. 

The exposed plates were developed (in complete darkness) with 
' Rodinal ’ diluted 20 times with distilled water at 18 0 for 5 minutes. 
For uniform development the bath was well placed on a shaking 
machine. 

The plate after fixing was washed for an hour with distilled water 
at 18 0 by repeatedly changing water in the dish. The plate was dried at 
ordinary temperature in a large dust-free glass chamber. 

The blackening of the image w f as measured with Zeiss photo-electric 
microphotometer, kept inside an air-conditioned dust-free room of low 
relative humidity. 

The sols used were tungstic acid sol, chromic tungstate sol, vanadic 
acid sol, molybdic acid sol, chromic hydroxide sol and uranic acid sol. 
Their methods of preparation are given in Parts II, IV, VI, IXf of this 
paper and in a paper by Bauerjee (J . Indian Chcnu Soc ., 1937, 14 , , 59). 

After fnixing together the sol-forming reagents or after dialysis as the 
case may be, each sol was subjected to the following maturing 
treatment. 

(1) Sol matured in the dark for a definite period. 

(2) Sol matured in unpolarised light (366/^) for a definite period. 

(3) Sol matured in plane-polarised light (366 /*/*) for a definite period. 

(4) Sol matured in /-circularly polarised light (366 w) for a definite period. 

♦ Blackening is defined by Dq —where Dq is (he deflection of the electrometer 
of the Zeiss tniciophotomcter fiom its position when only the clean plate is in the path 
of the beam and d, is the deflection when a spectral line intercepts the beam. 

f Pait IX of this series will \k published in the next issue of this Journal* 
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(5) Sol matured in d-c lrcularly polansed light (366 w) for a 
definite period. 

For the same sol, the time of matuiing was the same in all cases. 

A graph was prepared for the nine imptessions of each plate with water 
in the absorption cell by plotting log sector reading (which is proportional 
to the intensity of transmitted light) against the corresponding blackening. 
From the graph, the log intensities of transmitted light, when sols matured 
under the above five conditions were in the cell, weie found out from the 
corresponding values of the blackening of the remaining five impressions 
on the same plate. 

From the values of log sector reading, actual value of absorption 
coefficient of a sol can obviously be calculated if the angle of opening corres¬ 
ponding to each sector reading is known. 100 Divisions of the sector 
correspond to 180 0 . 



06 o*a 1 o 1 05 1 z 1 3 

Log sector reading. 


The results are summarised below. 

Log sector reading (d) indicates log sector reading when the incident 
light was d-circularly polarised- Log sector reading (l) indicates log 
sector reading when the incident light was /-circularly polarised. Absorp¬ 
tion coefficient in d-circularly polarised light is indicated by A 4 - Absorp¬ 
tion coefficient in /-circularly polarised light is indicated by A 1 . 



Molybdic Acid sol. 
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Table I (contd.). 
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Table II (contd.). 
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The small difference in the values of absorption coefficients for mono¬ 
chromatic light in the same state of polarisation exhibited by the sols 
(containing the same equivalent of light absorbing constituents per litre) 
is due to the fact that in the formation of colloids from the required in¬ 
gredients. the mass and size of the colloidal particles could not be controlled 
to remain exactly the same in all cases. 

In our results the experimental error is such that the anisotropy factor 
of the order of 0*008 has no significance. The anisotropy factor shown by 
molecular solutions investigated by Kuhn and co-workers varied from 0*005 
to 0*04. 

For tungstic acid sol, matured in /-circularly polarised light for 6 
hours, we observe a positive anisotropy factor, equal to 0*027 and for sol 
matured in d-circularly polarisad light, a negative anisotropy factor of the 
value of 0*0221' 

For chromic tungstate acid sol, matured in d -circularly polarised light 
for 10 hours, a negative anisotropy factor, equal to 0*0284 was observed. 

For vanadic acid sol, matured in /-circularly polarised light for 10 
hours, a positive anisotropy factor, of the value of 0*029 was observed. In 
the case of vanadic acid sol, matured in d-circularly polarised light for 10 
hours, the negative anisotropy factor, (equal to 0*0054), though small, indi¬ 
cates some positive significance and it can easily be expected that on 
maturing the sol in d-circularly polarised light for a longer period, it might 
be possible to induce anisotropy to a greater extent. 

In the cases of molybdic acid sol, chromic hydroxide sol and uranic 
acid sol, the values of anisotropy factor are within experimental error and 
have no"8ignjficance. 

Following are the microphotographs of the plates takgn in connection 
with the experiments on tungstic acid sol (vide Table IV). 


Chemical Laboratory, 
Dacca Ukjvsksity 
Ramna; Dacca. 


Received July 20,1936. 



Pi \ib 2. Pi \it 


( HOSH, BANERII I \M> Ml'KHIRUI 



\\ tli -ol preexcited in plane pilan^i lijrht n th. \\ t . i Up tn‘t -’irk I r Mi tir** 








\\ fill \ t I III 111 



I II I HIM 


) 






Pi An io 












PHOTOCHEMICAL REACTIONS WITH SOME INORGANIC 
COLLOIDS AS ACTIVE AGENTS UNDER THE INFLUENCE 
OF LIGHT IN VARIOUS STATES OF POLARISATION. 
PART II. PHOTOCHEMICAL REDUCTION OF TUNGSTIC 
ACID SOL BY GLUCOSE, LAEVULOSE, FORMALDEHYDE, 
LACTIC ACID, SODIUM HYPOPHOSPHITE. LEUCINE, 
AND GLUTAMIC ACID. 

By J. C. Ghosh, T. Banbrjeb, S. K. Bhattacharyya and 
S. K. Das-Gupta. 

The experimental arrangement and a portion of the experimental 
procedure have been described in Part I of this series. Special precautions 
were taken so that during the process of photoreduction, the reacting system 
did not come in contact with oxygen. 

The sol was prepared from sodium tungstate and hydrochloric acid 
(Merck’s reagent). In each case the amount of acid was sufficient to bring 
the #> H of the prepared sol to about 1*5. In case of amino-acids the 
reductant was dissolved in the minimum amount of hydrochloric acid 
(in a known volume) and the two solutions were mixed together. The sol 
prepared in this way showed no visible turbidity due to coagulation during 
the period of investigation. It is of particular importance to note that in 
all our experiments, the concentration of sol has been expressed in terms of 
the concentration of the tungstate used for the preparation of sol. 

Determination of the Velocity of Reaction . 

Spectropliotometric method was applied for the estimation of the 
reduced tungstic acid sol. For this purpose a Konig-Marten spectro¬ 
photometer was first calibrated in the following way :— 

The cell was filled with the reaction mixture containing the reductant 
in excess and tungstic acid'sol of known concentration and the absorption 
of the reaction mixture was taken in the green (525* ///x). The correspond¬ 
ing reading 0 lt on the circular scale of the spectrophotometer was recorded 
which was evidently the zero-reading. The cell with the reaction mixture 
was then exposed to sunlight. After each half an hour, the absorption of 
the reduced tungstic acid sol was read by the spectrophotometer, the 
wave-length setting always remaining the same. The process was repeated 
until the spectrophotometer gave constant reading which was evidently 
the final reading corresponding to the complete reduction of the tungstic 

4 
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acid sol. In this way, a set of readings 0 2 was obtained with different 
concentration of tungstic acid sol. The final value of 0 2 was found to be 
independent of p m within the range ro — 5*0 

Different concentrations of the tungstic acid sol and corresponding 
spectrophotometer readings 0 2t after complete reduction of the sol, are 
tabulated in Table I. 


Table I- 

Zero reading (0i)«45°. 


Cone, of aol(N) 

... 0*007 

0*006 

0*005 

0*004 

0*003 

0*002 

O'OOX 

Pinal reading *3 

• 7 X **5 

69*-o 

65* *8 

6 i *-5 

In 

00 

• 

6 

53**3 

48* *8 

log tan flj— log tan e x 

- o *4755 

0-4158 

0*3450 

0*2652 

0*2042 

0*1276 

0*0578 


Log tan tan 0 i was plotted against the corresponding concentration 

of tungstic acid sol. A straight line was obtained (Fig. 1 ) as was to be 
expected. From this standard curve, the concentration of the reduced 
tungstic acid sol at any time during the course of our experiment was 
determined by taking the spectrophotometer reading at 525 pn. 


Fig 1. 
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Determination of p m .—The p m of the reaction mixture was determined 
potentiometrically by using quinhydrone electrode. In cases, where con¬ 
centrations of sol and reductants were varied at the same pm , the pm of each 
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set of experiments was brought to the same value within ±o'ox by trial by 
addition of required quantities of hydrochloric acid. 

Study of the Light Reaction .—Tungstic acid sol is not reduced by any 
of the above mentioned reductants in the dark. 


Determination of the Order of Reaction. 
Table H. 


Tungstate= o*o 5M. Leucine = i %. Temp. = 29°*5- pn =i'67. 7 abt.= In¬ 
tensity of radiation (366^/1) absorbed in ergs per sq. cm. per sec. = 2925. 
d (thickness of the cell)=0*5 cm. 


Time. 

Spectropboto- 
tnetric reading. 

Cone, of reduced 
sol * 10 s . 

K iero-mol. “**• 

(a) 0 min. 

45 *o 

0 


(&) 37 

48* *a 

0*70 

0*430 (from a and 6) 

(«) 54 

51*7 

i *5 

0*493 (from 6 and c) 

(d) 80 

54*7 

a*aa 

0*478 (from b and d) 

(e) 106 


3*05 

0*495 (from b and e) 


From the above table it is evident that the velocity constant of the 
photochemical reduction is zero-molecular with xespect to sol. Other photo¬ 
reductions also obey the zero-molecular law. The zero-molecular velocity 
constants have been expressed in terms of number of g. mols transformed 
in 1 sec. in a unit cell (1 cm. x 1 cm. x 1 cm.). 

Induction Period.—In the case of leucine and sodium hypophosphite 
the induction period is small but in all other cases it is rather high. Passing 
nitrogen gas through the reaction mixture to expel dissolved oxygen has 
been found to diminish the induction period effectively and this has been 
generally done. In some cases, e.g. % glutamic acid where the induction 
period is very large (several hours) it was overcome by a preliminary 
exposure of the reaction mixture to total radiation of mercury lamp. The 
value of velocity constant noted in the following tables are those observed 
after the induction period is over. 

Pure nitrogen was prepared by heating ammonium chloride and sodium 
nitrite and by passing the gas through caustic soda solution, alkaline 
pyrogallic acid and water* 
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Effect of Varying the Concentration of the Reductant. 
Table III. 


d=o*5 cm. y—Quantum efficiency. 

Jib* = Intensity of the absorbed radiation in ergs per sq. cm. per ’sec. 


(a) Temp. - 

29 * 5 *- 7*b. * 

Il66. 

(b) Temp. = 29-5*. 7«bs — 1432. 

Tungstate 

- o*o 5M. p H 

- 1*24 

Tungstate 

- 0*0 5M. pH * 

1-24 

Cone, of 



Cone, of 



redactant. 

K x 10®. 

7. 

reductant. 

7C x io®. 

7. 

Formaldehyde. 


Glucose. 


0-8425M 

1 107 

x *55 

10% 

1-007 

2*25 

0-4213 

0-827 

x-i6 

5 

o*743 

0*85 

0-2106 

0*552 

0-78 

2-5 

0-467 

o*53 

01053 

0*332 

o*45 




(c) Temp. — 

30*. 7 «ba - 1330. 

(d) Temp. - 30*. Jab« = 1330. 


Tungstate 

— 0-Q2$M. P h 

— 1-48 

Tungstate 

- *02557. p K — 

x-x8 

Laevulose. 


Lactic add. 


xo% 

0-898 

I-XI 

z-oxM 

x*277 

2*57 

5 

0-630 

0-78 

0-606 

o*933 

2*25 

2-5 

0-370 

0-46 

0-253 

o*535 

o-66 

(e) Temp.« 29-5*. Jab* « 1330. 

(/) Temp.- 31 

*. Jab. “ 1938 


Tungstate 

- 0 025M. p« 

— 1-29. 

Tungstate — o-o5M. pa — 1-72 

Mandelic acid. 


Sodium hypophosphite. 


M/a* 

0505 

0-62 

o*o83oM 

2*437 

x*x8 

M/4 

0-483 

o-6o 

0*0415 

1-1x7 

0-92 

M/8 

0-450 

0*55 

0*0207 

0-772 

0*64 




0-0x03 

o*477 

0*39 




0*00824 

0*388 

0*32 

ig) Temp. « 

29*5*. 7«ha « 

2722. 

(h) Temp. - 

29-5*. Jabt - 2632 

Tungstate 

- 0*05M. Pa 

— 1-69 

Tungstate 

— o-05M. Pc — 

2*33 

Leucine. 


Glutamic add. 


1*998 % 

0-472 

028 

2% 

0-260 

0*16 

**333 

0*455 

0-27 

2*5 

0-227 

o*«S 

0.666 

0*460 

0-27 

X 

0*X92 

0*12 

0 * 4 S 

o-4«S 

0*27 

0*5 

0*113 
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In the case of leucine, the variation of concentration has got practically 
no effect on the reaction velocity. In all other cases, when i (K is plotted 
against x/Cx«ductatat , a straight line is obtained. It is to be noted 
however that in this case the velocity constant with only 0*4% leucine is 
much larger than that obtained with 2% glutamic acid (Fig. 2). 

Fig. 2 . 
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Effect of Varying the Concentration of Sol. 
Table IV. 
d *» o‘5 cm. 


Temp. 

/tbt. 

Tungstate. 

<«) 

aa-s* 

zx 66 

0*050 M 

99 

99 

0*0375 

99 

99 

0*025 

(W 

* 9 - 5 * 

143a 

0*05 

99 

ft 

o *0375 

99 

if 

0*035 

M 

SO* 

*330 

0*035 


f! 

0 * 0 X 35 

M> 

IO* 

*350 

0*035 

•1 

1 * 

0*0125 

« 

* 9 * 5 * 

* 33 * 

0*025 


p. ■ 

Reductant used. 

Formaldehyde. 

/T 0 k io*. 

y> 

**4 

0*8435 Af 

x*xo8 

*•55 

If 

it 

1*113 

1*56 

99 

if 

Glucose# 

1*083 

*•5* 

1*34 

10 % 

1*007 

*•*5 

»f 

99 

1*033 

**7 

If 

99 

tevnlow. 

1*000 

*•*4 

1*48 

S% 

0*630 

0*78 

*•47 

If 

lactic add. 

0*605 

0*73 

x*x8 

x*oi Af 

1*377 

*•57 

ii 

ii 

Mandelk add. 

1*378 

*•57 

*•43 

M/4 

0-497 

o*6i 






524 GHOSH, BANBBJBE, BHATTACHARYYA AND DAS-GUPTA 


Table IV ( contd .). 
4=0*5 cm. 


Temp. 

W 

Tungstate. 

#-• 

Reductant 

used. 

X| x 10* 

7- 

W 




Sodium hjpqphosphite. 


3** 

X904 

0*075 M 

173 

0*1245 M 

x -675 

1*38 

$$ 

X89O 

0*05 

11 

11 

1*608 

1*36 

$0 


0*025 

11 

»i 

*•525 

i*3i 

u) 




Leucine 



ags* 

2743 

0*075 

*’55 

0-66% 

o*533 

0*32 

It 

3733 

0*05 

11 

II 

0*500 

0*30 

H 

3698 

0*025 

•1 

II 

0-485 

0*39 

00 

a64X 

0*0x25 

00 

II 

0*487 

0*38 

(k> 




Glutamic add. 



ays* 

0677 

0*075 

i*33 

a % 

0*272 

0*16 

H 

3632 

0*05 

11 

11 

0*360 

0*16 

M 

36X0 

0*035 

II 

•» 

0*350 

0*15 


In all cases the quantum yield of the photoreductions, under other¬ 
wise identical conditions, has been found to be practically independent 
of sol concentration. 

Effect of Varying the Temperature - 

Table V. 

With formaldehyde. 

Temp. W Tungstate. pm . Reductant. K 6 * xo*. Temp, coeff. 

*t-io 

K* ' 

*9*5* riao 0*035!# 1*44 0*8435 M 2*685 

1 

89*5 w ». .. 1*9x7 

With other reductants also, the temperature coefficient was small being 
of the order of x*oo— 1**5. 
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Effect of Varying the Intensity of Radiation Absorbed, 


Table VI. 
d=o - 5 cm. 


Temp. 

/»b«. 

Tungstate. 

Reductant. 

• 

Kq K xo*. 

(«) 



Formaldehyde. 


* 95 * 

izd6 

0*05 M 

0-8435% 

x ‘*4 

i*xo8 

i# 

57 * 

11 

11 

•• 

0*553 

(b) 



Glucose. 



* 9 ' 5 * 

143 * 

0*05 

xo% 

x *4 

1*007 

II 

(c) 

1028 

ii 

II 

Leevulose. 

ii 

0775 

3 °' 

i 33 i 

0*025 

5 % 

1*48 

0*630 

II 

918 

II 

II 

11 

0*438 

(d) 



Lactic acid. 



3 °* 

1331 

0*025 

I'01% 

118 

1*277 

>• 

444 

II 

11 

M 

0*420 

to 



Mandelic acid. 


295* 

1140 

0025 

M/4 

, *43 

o ‘497 

II 

502 

•I 

11 

ii 

0*220 

(/) 



Sodium bypopboapbite. 


3 »* 

1748 

0*05 

0*04x5!^ 

1*76 

0*975 

• 1 

X073 

•1 

11 

•1 

0*580 

ig) 



Leucine. 



* 9 # 5 * 

* 9*5 

0*05 

o‘666% 

1*69 

0*500 

ii 

1755 

•1 

11 

ii 

0*285 

(h) 



Glutamic add. 


*9 y 

2632 

0*05 

*% 

1*33 

0*960 

ii 

1305 

11 

• 1 

• 
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The rate of reaction, under otherwise identical conditions, is propor¬ 
tional to the intensity of radiation absorbed. 


Quantum Efficiency of the Phototeductions. 

A typical example for calculating the quantum efficiency of the process 
is given below. 

In Table II, the intensity of radiation (366 fifi) absorbed in ergs per sq. 
cm. per sec by a column of solution 0*5 cm thick=2925 ergs 


_ 2925 x 366 xiq~ 7 _ 

(6*ss x io _aT ) x (3 x io 1 °) x (6'i x io* 3 ) 


Einsteins. 


= 8*933 xIC)l0 Einsteins. 

The zero-molecular velocity constant K (expressed in terms of no. of 
g. mol. transformed in sec. in a unit cell of icm.Xi cm.xi cm.) 
“0*488 x 10” 9 . 

No. of g. mol transformed in 1 sec. in a cell of 1 cm. x 1 cm. xo‘5 Cm 
= 0*244 x io" D . 

Quantum efficiency of the process 

m 0*244 xiq ~ 9 
8*933 x 10* 10 

= 0 * 2735 - 

Quantum yield for the other experiments were similarly calculated. 

Observations when Reactions were Carried in Polarised Light (366/i/u). 

In these experiments the reacting system, immediately after mixing the 
reactants, was exposed to radiation polarised in the way stated, and the 
velocity of reaction measured after the induction period was over. In the 
eft&e of exposure to d- or /-circularly polarised light, the induction period 
was about 8 hours. 
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Table VII. 

i-o’5 cm. 7 - quantum efficieucv 

/•bs- Intensity of radiation absorbed per sq. cm. per sec. 

(a) Temp.—30*• Tungstate —o'oasM. (b) Temp-29‘5*. Glucose—5%. 

Formaldehyde -0*8425!!/. /> H -i' 48. Tungstate-0 025 M. /»* —1*95. 


State of 
polarisation. 

/tthi 

K 0 x io 10 . 7. 

State of 
polarisation. 

7ab«. K 

X IO 1 ®. 7. 

/-Circularly 

polarised 

2 37 

i*3Q o‘q6 

Unpolarised 

1432 

4‘io 

o*47 

d-Circularly 

polarised 

237 

095 0*66 

/-Circularly 

polarised 

237 

070 

0*48 

Unpolarised 

1170 

0*65 0 93 

d-Circularly 

polarised 

237 

0*40 

o*a6 

(c) Temp. = 

= 30*. Laevulose*5%. 

(d) Temp. * 

30*. Lactic acid* 

i'oxM. 

Tungstate — 0 *025 M. 

pH =1*94 

Tungstate — ‘025M. 

P * - 

■i*x8. 

Unpolarised 

I33i 

4*5i "'54 

Unpolarised 

1331 

ia’77 

i*57 

/-Circularly 

polarised 

180 

o‘6i o’55 

/-Circularly 
polarised 

195 

187 

x*57 

d-Circularly 
p larised 

180 

o'44 o’4o 

d-Circularly 

polarised 

195 

i‘a8 

x*o8 

(e) Temp. = 

30 *. Mandelic acid — M //\ . 

if) Temp.- 

29*5*. Leucine-0 

’666%. 

Tnngstate = 

= 0*025!!/. 

Pn -T*43. 

Tnngstate ** 0*05!!/. />h - 

i*33 

Unpolarised 

1331 

5*o o'6i 

Unpolarised 

2081 

4*35 

o*335 

/-Circularly 

polarised 

328 

I’22 0*6l 

/-Circularly 

polarised 

385 

0*79 

0*329 

d-Circularly 

polarised 

328 

0*87 o‘43 

d-Circularly 

polarised 

385 

0*67 

0*278 


(g) Temp. *31*. Hypophosphite —o' 12M. 
Tungstate“005M. pn s **i*75 > 


Unpolarised 

1085 

8*60 

1*27 

/-Circularly polarised 

192 

i*54 

1*28 

d-Circularly polarised 

192 

1*34 

1*10 


( h ) As the induction period with glutamic acid as reductant was very 
large (several hours), the reaction was not studied in polarised light. 
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It is evident from the above tables that in all cases 
Vo * V L > Vp , 

where V 0 , V h and V P stand for velocity of reaction in unpolarised, /-circu¬ 
larly polarised and d-circularly polarised light respectively. 

Observations on the Photoreductions with Pre-activated 
Tungstic Acid Sol. 

Here tungstic acid sol, prepared by the action of hydrochloric acid on 
sodium tungstate as stated before, was first exposed in an atmosphere of 
nitrogen to ultraviolet rays for a sufficiently long time (about 3 hours) and 
mixed immediately with the reductant. The reaction (photoreduction) was 
then allowed to proceed in the ultraviolet light (366/xyu) also in an atmosphere 
of nitrogen. 


Table VIII. 

0*5 cm* Tungstate= o*o 25M. Glucose=io%. 7^=585. 
pu =1-24. Temp. = 31°. 

Time. Cone, of reduced Kq x io>. 

tungstate x 10 s . 

(1) o see 
(a) 3* 

( 3 ) 64 
< 4 ) 96 
(j) na 

• 

We have noticed before that when unactivated sol was used, the reaction 
was iero-molecular and attended with a large initial peiiod of induction even 
when the reaction proceeded in an atmosphere of nitrogen. On using the 
pre-activated sol in an atmosphere of nitrogen, the order of reaction remained 
the same but the induction period was eliminated completely. It must be 
noted that if the reaction proceeded in presence of air, pre-activation of the 
sol alone can not totally eliminate the induction period. 

Table IX shows that by the process of pre-activation, the quantum effi¬ 
ciency is not modified to an appreciable extent, 


0-89 

172 

2-55 

3**5 

Mean. 


0*462 (from 1 & 2) 
0*447 (from i & 3) 
0*442 (from 1 & 4) 
0*443 (from 1 & 5) 
0*448 
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Tablb IX. 

Temp. ® 31 °. Tungstate = o o 25M. Glucose = 10%. 


Nature of sol used. 

7 . 

abs 

P H • 

Kg x io*. 

y 

Not preactivated 

2440 

1-25 

1717 

113 

Pre-activated 

585 

1-24 

0*448 

1*25 


Discussion. 

The reactions have the following characteristics :— 

(1) It is zero-molecular with respect to the sol. The concentration of 
sol within the limit studied in our experiments having practically no 
influence on the quantum efficiency of the photochemical process and 
the absorption of radiation 366///X by sol within this limit is practically 
complete. 

(2) Zero-molecular velocity constant is proportional to the light energy 
absorbed. 

(3) Quantum yield of the photochemical process varies practically 
between 1 and o*i. 

(4) The inverse of the velocity constant plotted against the inverse of 
the concentration of reductant gives a straight line. 

(5) The temperature coefficient of the velocity constant is nearly 
unity. 

(6) /-Circularly polarised light gives a higher quantum yield 
under otherwise identical conditions than the d-circularly polarised 
light. 

All these characteristic features can be explained by the assumption 
that radiations absorbed by tungstic acid particles on the sol surface create 
active centres for oxidation on that surface. If within the life period of 
these active centres, a molecule of reductant collides with them it undergoes 
oxidation. 

The rate of reaction is proportional to the number of such 
active centres created per second and the surface concentration of the 
reductant. 

Hence dx/dt^i/Nhvx C» 

where C% is the surface concentration of reductants. 

But according to Langmuir’s hypothesis, surface concentration of the 
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reductant is 

K < 

K 9 C\ +1 

It 

where is the concentration of the reductants in the solution. 


T K X C\ 

Therefore, dxldt=-=- x- 

Nhv i + K e C\ 


1 Nhv 

' A'. . 1 


- 

1 1 

° r dx/dl ~ 1 

L** jf.c; J 


If "h u 

K K’C 

B 


for constant value of 

Nhv 

We have already seen that the inverse of the velocity constant plotted 
against the inverse of the concentration of the reductant is a straight line as 
is demanded by the above equation. 

Chemical Laboratory, 

Dacca University, Received July 20, 1936. 

Ramna, Dacca. 



PHOTOCHEMICAL REACTIONS WITH SOME INORGANIC 
COLLOIDS AS ACTIVE AGENTS UNDER THE INFLUENCE 
OF LIGHT IN VARIOUS STATES OF POLARISATION. 
PART III. ON THE EFFECT OF p„ ON THE PHOTO¬ 
REDUCTION OF TUNGSTIC ACID SOL IN UNPOLARISED 
LIGHT. 

By J. C. CiHosh, T. Banerjee and Mi>. Surat Au Khan. 

The present section deals with the effect of p n on the velocity of 
photoreduction of tungstic acid sol. For purposes of comparison, the 
effect of pn on the velocity of reaction with three types of reductants 
viz., electrolytes, non-electrolytes, and ampholytes has been studied. 

Experimental. 

Preparation of Sol.— The sol was prepared exactly in the same way as 
before and for variation of p u of the reaction mixture, solutions of hydro¬ 
chloric acid or caustic soda (Merck’s reagent) were subsequently added as 
the case may be. This procedure is necessary to ensure the complete forma¬ 
tion of the sol. The pn of the reaction mixture was brought by trial to the 
required value. 

The pn values were measured by the quinhydrone electrode. 
Experimental results .—The ellect of the change in the concentration of 
sodium chloride, formed duiing neutralisation of acid by NaOH for 
regulating the pn . on the velocity of reaction was first studied and found 
to be nil. 


Effect of pn on the Velocity of Photoreduction. 

Table I. 

d (thickness of the cell)=o.5 cm., y=Quantum efficiency. J»b*= 
Intensity of absorbed radiation in ergs/cm 2 /sec. 

{a) Tnngstate»o*05M. Formaldehyde -0*8425!^, hbu. {366^)^1166. Temp.-29*5 # . 


p« 

... 1-48 

i*6o 

2*12 

4-08 

JC| X xo“ 

... 6-50 

6*42 

3*64 

2*27 

y 

... 0 ’ 9 i 

0*76 

0-51 

o*$a 
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Table I ( contd .). 



(6) Tungstate - o-oa S M. Glucose - 10%. /.w - 3440. Temp. - 3 t\ 

Pm 

... 1*25 

1-50 1-73 j.8 2 

2*12 

2*61 4*ox 

K 9 x xo 1 * 

.. 17-17 

15-17 10-42 9-92 

8-42 

5*6o 1-53 

y 

... 1*13 

0-99 o-68 0-65 

o *55 

0*37 o*io 

(C) Tungstate - 0025M. Laevulose - 5%. 7 .b» - 

1331. Temp. = 3 o*. 

Pm 

- 1*35 

1-48 1-94 


2*12 

Ki*i6* 

... 8-68 

6-30 4*50 


3-98 

7 

... 1*07 

£ 

6 

6 


o -49 

(d) Tungstate = 0-025M. Lactic acid - i-oiM. Ubt = 1331 

Temp.* 30°. 

Pm 

... 0*76 

0-85 1-06 1-18 

i-6i 

2-12 2-52 

K 9 x xo li 

•• 9-83 

12-03 12-78 12-77 

8-70 

5*53 3*98 

7 

... i*ax 

1*48 1'57 157 

1 07 

0*68 o*49 

{e) Tungstate - o*o2sM. 

Mandelic acid=*= M/4. 

7 aU* 1331. Temp. «» 29*5* 

Pm 

... 113 

132 162 

2 12 

2*3 

fC§ x io 1 ® 

••• 4*57 

4-83 3-70 

2.76 

2-35 

7 

... 056 

o -59 0.46 

o -34 

0*29 

\f) Tungstate —0*05 M . 

Leucine ■= 0*666%. 7 ab s = 

2722. 

Temp. ® 2Q*5*. 

Pm 

... 1.31 

1-65 1.86 

2*33 

2-98 

K| x 10 10 

... 5.67 

4 ‘ 6 o 3.33 

1-58 

0*87 

7 

... 0.332 

0*27 0.196 

0-093 

0051 

(£) "Tungstate - 005M. 

Glutamic acid «1 % . ; abs = 2O32, 

Temp -295* 

Pm 

... 1*40 

i *52 i -74 

2 05 

2 ‘S 1 

K% x xoM 

... 2-20 

i *97 128 

0*67 

0-42 

7 

• 0*134 

0*120 0*078 

0*040 

0-025 

(&) Tungstate— o'o$M. 

Hypophoaphite~o-o83M. 

/.to-1748. Temp.-31* 

Pm 

• i -75 

a*ai 3-58 

3*50 

4*10 

KfXXo» .. 

. 12*83 

975 7*35 

3*35 

1*67 

7 

. x-xy 

8^9 0-67 

0*31 

0-15 
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Discussion. 

From Figs. i*nd 2, it is evident that in all cases at about pm 4*8, the 
velocity of reaction is practically nil. Then with the decrease of p u , the 
velocity of reaction increases steadily. After the pm reaches 1.3, the system 
becomes unstable and the colloid coagulates shortly after its preparation. 

Fig. 1. 



a 4 

Pm —> 
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Our results can be best explained on the basis of the observations made 
by Rabinowitsch and Kargin (Z. phystkal. Chcm 1931, 152 , 26) and G. 
Jander and others (Z* anorg. Chem., 1929, 180 , 138). 

Rabinowitsch (loc. cii.) from the measurement of specific conductivity of 
tungstic acid sol at different dilutions came to the conclusion that above p n 
4*8, tungstic acid sol was in state of molecular dispersion. In other words 
tungstic acid sol formed a true solution. Below />„ 4*8, colloidal micelles 
are formed. As the p n is still decreased, the portion of tungstic acid exist¬ 
ing as micelles increases,— - 

That the increase.in the velocity of reaction is due to the increase in 
concentration of mibeltes can be* clearly seen from the data recorded in 

Table II. I 

* 

Table II. 


(I) 

(2) 

( 3 ) 1 


(5) 

( 6 ) 

(7) 

(8) 

(0) 

(io) 

P* • 

y 

<ilueo»p. 

y 

HCHO, 

y 

_ Laevylose. 

y 

Lactic 

and. 

^Mandelu 

acid, 

E/A. 

F/A. 

G/A. 

H/A 


(A) 

<E* - 

(F) 

<G>* 






2*5 

0-40 

°*375 

•o *35 - * 

■0*50 - 

.. cr.25 

' 0*90 

0*84 

1*21 

0*60 

2*25 

0*485 

<v 455 , 

o ;43 * . 

0:615 

0.30 

o'qo 

0*85 

1*22 

o* 5 Q 

2*0 

00 

1 r. 

o *555 

„ 0*525 

o *74 

o '355 

o *95 

0*89 

1*26 

o-6i 

1*75 

0*70 

0*655 

, 0*62 

. 0*92 

0*42 

0*91 

x^ 

00 

0 

1*29 

0*59 


o *995 

<>•895 

o*8o 

1^24 

0’53 

0*90 

0*80 

1*24 

°’53 
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If we compare the relative rate of increase in quantum yield with laevu- 
loae, glucose, etc. in Table II, we find that the ratio between quantum yield 
at different p m is practically constant (vide columns 7, 8, 9 and 10, Table II). 

It may be pointed out that lactic acid and mandelic acid between Pu i\5 
and 2'5 exist practically in the undissociated state. 

Lactic acid and mandelic acid stabilise tungstic acid sol below p m 1*5 
but at the same time, the effective specific surface of the sol is much dimi¬ 
nished due to increase in the size of the colloidal micelles. So we get a 
diminution in the velocity in those cases where it is possible to keep the 
reaction mixture stable below 1-5. 


Table m. 

y=Quantum efficiency. 


pm 4'o 

3*75 

3*5 

3*35 

3*o 

3*75 

3*5 

a *5 

*'0 

ns 

^HjpopkMphit* ° 

0**35 

030 

0 37 

0*465 

0*58 

0*70 

0-845 

0-985 

I-I 5 

^GIucom ° I0 ^ 

0 135 

0*18 

O 22 

0*275 

o*335 

0 40 

0485 

0*58 

0*70 

2 sJ 167 

i*74 

167 

l68 

1*70 

i*73 

x*75 

1'74 

1*70 

x*6s 


*>o 


We know that hypophosphite dissociates more and more as p M increases. 
The constancy of the ratio y a /y a in Table III indicates that the undis¬ 
sociated or the dissociated hvpophosphitu has the same effect on the velocity, 
of photoreduction of tungstic acid sol. 


Table IV. 



(a) 

<3> 

(4) 

<S> 

< 6 ) 

Pm. 

y 

Glucosr. 

y 

Leucine 

y 

Glutamic 4Cid. 

C/A. 

d/a. 


(A) 

(C) 

ID) 



4*0 

0*105 

0*02 

... 

0*19 

... 

3*75 

0135 

0*028 

0*008 

0*31 

0*06 

3*5 

0 180 

0*037 

0*012 

0*20 

0*063 

3"*5 

0*220 

0*045 

0*015 

0*202 

0*067 

3*o 

0*275 

0054 

0 * 0 l 8 

0*20 

0*067 

3*75 

o *335 

0*065 

0*022 

.0*18 * 

0*067 

3*5 

0*40 

©*078 

0*027 

0*20 

0*067 

a*o 

0*58 

0*142 

0*045 

0*24 

0080 

i *75 

0*70 

0*237 

0*070 

0*3 3 

0*200 

x'S 

o*995 

o* 3 X 

0 *X 2 

0*31 

0*12 


*7 A 7 denote 
■ <1 

respectively 

7 doe to hypophosphite and glucose, 

» 


6 
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In the case of amino-adds (Table IV), the rate of reaction (hence 
quantum yield) is influenced by a second factor, in addition to the effect 
of H* ions on the tungstic add sol. We observe from Table IV, columns 
(5) and (6), that in the case of leucine and glutamic add, the relative increase 
in reaction velocity with decrease in pm is different from that obtained with 
glucose as reductant. 

The abnormal increase in reaction rate as pm is lowered can be explain¬ 
ed in the following manner. 

The velodty of the photoreduction with amino-acids as reducing agent 
can be expressed by the equation 

dx/dl—Kx (surface cone, of NHj’R’COOH) +K U (surface cone, of 

♦ NH s -R*COOH) 

It is the positively charged *N H.^’R'COOH and the neutral molecule or 
the zwitter ion [^NHs'R'COO”] which alone can get adsorbed on the 
negatively charged micelle surfuce. 

The concentration of the ions + NH 3 * R’ COOH in a solution of amino- 
acids, increases rapidly (vide Table V) as the p B is decreased below p B about 
3*0 (Harris, Proc. Roy. Soc ., 1924, B95, 441 ). 

Assuming that the adsorbability of the " zwitter ion ” and the form 
*XH on the surface of the sol micelles is of the same order and remembering 
that at the same p* for leucine, the velocity constant is independent of the 
concentration of leucine, we may express the velocity constant of the 
reaction by an equation of the type 


dx _ ^ C [*X~] , v C PXH]. 

n K ' ~cLr~ + Ka c» t :r 


K | is a function of pm which determines the reactive capacity of 
colloidal micelles. At pm 4*0, leucine exists practically in the form *X~ 
and K t has the value 0*02. It is to be expected that the variation of K\ 
with Pm should be the same as that observed in the case of glucose. 
Similarly JfC9 is another function of pm , being equal to 0*31 at pm 1*5 where 
leucine exists practically in the 4 XH form and decreases with pm at the rate 
at which the velocity of oxidation of glucosse by tungtic acid sol decreases 
With fa, 
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C [ + X-] 

[ + XH] and total concentration of amino-acid used in the experiment. 

Similar equation was applied in the case of glutamic acid. The 
agreement between the observed and calculated values indicates that our 
assumptions are justified. 


C [*XH] Cto»i denote the concentrations of [*X~] # 


Table V. 


b K = Kw_ [H*J. 

Leucine .«<»- *• ' 1 XH 1 

Glutamic acid=x*s x 20" 12 4 ' 34 S x io" 3 

6-667x10''* 

(L. J. Harris, loc. cit .) 



Leucine. 

Glutamic 

acid. 

Pm. 

c [ + x*r 

C [ + XH]- 

c [*x-] • 

C [+XHJ 

X ’S 

0081 

0589 

0174 

0*826 

x *75 

0*132 

0-538 

0*273 

0*727 

3 0 

0 203 

0467 

0*400 

o‘6oe 

3'25 

0*292 

0378 

o‘543 

o*457 

•*50 

0*388 

0*282 

0*698 

0*302 

a *75 

0*476 

0 184 

0*789 

o'axx 

3*° 

o*545 

0*125 

0*870 

0*130 

3*5 

0*593 

0*077 

0922. 

0*078 

3*30 

o'6aj 

0045 

0*955 

0*045 

375 

0*44 

0*026 

0*974 

0*026 

4*o 

• <5S 

0*015 

0*985 

0*015 


The results are plotted graphically is Figs. 4 5 . 
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Fig. 4. Fig. 5. 

Glutamic acid . 



Table VI, 


*1. 


Leucine. 

Ky 


calc. (obs.) 


400 

o'oa 

0 0326 

0*0203 

0*02 

3*73 

0*0357 

OO419 

0*0263 

0*028 

3 * 5 * 

0*0343 

o ‘0559 

0*0351 

0*037 

3**5 

0*0419 

0-0684 

OO449 

0*045 

3 *oo 

0*0534 

°’°® 5 S 

OO586 

0*054 

**75 

00638 

0*0942 

00712 

0065 

**50 

0*0769 

0*224 

0*0967 

0*078 

9*00 

0*0X2 

0*l80 

o’i 59 

0*142 

**75 

0*233 

0*2l8 

0*299 

0*237 

1-50 

0‘Z90 

0*320 

0*300 

0*310 


Glutamic acid. 


*1- 

K,. 

dxldt 




calc. 

(obs.). 

0*008 

0*0163 

0*0082 

0*008 

o’io8 

0*0217 

0*0223 

0*0X2 

0*013 

0*0265 

0*0142 

0*0X5 

0*0163 

0*0332 

0*0185 

0*028 

0*0199 

0*0404 

0*0343 

0*023 

0*0237 

0'0482 

0*0322 

0*027 

0*0344 

0*0700 

0*0557 

0*045 

0*0415 

00844 

0*0727 

0*071 

0*059 

0*2300 

0*220 

o*xs 


On decreasing the p « we have observed that beyond 1*3, the 
system becomes unstable, the sol being coagulated. This corroborates the 
observation of Jander (loc. cit.) who found that tungstic acid micelle is 
coagulated at p n 1*5 ±*2. 


Chemical Laboratory, 
Dacca University, Dacca. 
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PHOTOCHEMICAL REACTIONS WITH SOME‘INORGANIC 
COLLOIDS AS ACTIVE AGENTS UNDER THE INFLUENCE 
OF LIGHT IN VARIOUS STATES OF POLARISATION 
PART IV. PHOTO-CHEMICAL REDUCTION OF MOLYBDIC 
ACID SOL BY GLUCOSE, FORMALDEHYDE, ETHYL 
ALCOHOL, SODIUM HYPOPHOSPHITE, LEUCINE, GLUTA¬ 
MIC ACID, AND a -ALANINE. 

By J. C. Ghosh, T. Banerjee, K. M. Bhattacharyya and Md. S. A. Khan. 

The experimental arrangement was the same as before. 

The sol was prepared from ammonium molybdate (Merck’s reagent) and 
hydrochloric acid (Merck’s reagent). Estimation of the reduced molybdic 
acid sol was carried out by spectrophotometric method using Kbnig-Marten 
spectrophotometer which was calibrated similarly as described in Part II. 
The absorption was noted in the green (525 w). Results of calibration 
(vide Fig. 1) are tabulated below. 


Table I. 


Molybdate. 

Zero-reading. 

Pinal reading. 

hog tan ^ — 


9 t 


0*604 M 

45*’° 

72**5 

0*5013 

0*0035 

•» 

70*-5 

0*4389 

0*0030 

»» 

67**5 

0*3838 

00035 

»» 

64 * *0 

0*3118 

0*0010 

»* 

60**0 

0*2386 

0*0010 

*» 

53**5 

0*1308 


The concentration of the sol was expressed in terms of the molybdate 
used for the preparation of the sol and for calculating it the unit used was 
one-seventh of the molecular weight of the ordinary ammonium molybdate 

[(NIU)e Mo,Os4, 4 H, 0 ]- 

Fig. 1 . 


f 

o*5 

s 

S 

°*4 

1 

* 

o*3 

1 

a® 

0*2 

0 

•J 

0*1 


3 ? 


B 


X 






B 


1 a } 

Cone, of mofcMste * M. 
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Experimental Results . 

Molybdic acid sol is not reduced by glucose, formaldehyde, alcohol, 
leucine, glutamic acid and a-alanine in the dark, but is reduced by hypophos-’ 
phite in the dark when the p B is below 39 In the case of hypophosphite the 
dark reaction begins instantaneously on mixing the sol with the reductant. 
The velocity of the dark reaction and the light reaction (in all cases) is zero- 
molecular with respect to the sol. The following is a special example for 
illustration. 


Table II. 

Leucine = 1%. Sol =o - 05M. p m = 2 ‘ 4 6. Temp. = 29-5.* / mbl = 
3150 ergs/sq. cm./sec. (366^). d (thickness of the reaction cell) = 0 ‘ 5 cm, 



Time. 

Spcctrophotometric 

reading. 

Cone, of 
reduced sol. 

JCgercMDiol * 10*. 

<s) 

0 min. 

45* 



Ol 

30 

49* *5 

o*S5 * xo~W 

0*305 (from a & b) 

(0 

46 

56**0 

x*3S * 10"* 

0*833 (trom b & c) 

(A 

69 

6x**2 

2*08 x XO“* 

o*797 (from b&d) 

(•) 

73 

65-0 

2*65 x xo~* 

0*8x3 (from b & e) 


mean of the hurt three—0*184 


Induction Period .—All the reactions are attended with induction period. 
Passing nitrogen through the reaction mixture partially plimina^H the 
induction period. In case of glutamic add and a-alanine, the induction 
period is very high (3-4 hours) and it was overcome by exposing the reaction 
Hiiltwc first to tilt total radiation of the merc ur y lamp. 
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Effect of Varying the Concentration of Reductant. 
Table in A. 

d = o'5 cm. v = Quantum efficiency. 


Temp. 

labs 

1366 mm) 

Molybdate. 


Cone, of 
reductant. 

JC. * xo f . 

*y. 

(a) 





Formaldehyde. 



31* 

3077 

o*ox 8 Af 

37 

i*275M 

0-275 

1*48 


•» 

11 

11 

•1 

085 

o*x 94 

1-03 


II 

11 

11 

11 

o *43 

0*119 

0*63 

(6) 





Glucose. 




3 I# 

483 

o*oi8 

17 

20% 

0-365 

1-24 


ii 

11 

11 


10 

0-270 

0-92 


ii 

• • 

11 

11 

5 

0*184 

0-62 

( c ) 





Leucine. 




* 9 - 5 * 

3150 

005 

1 78 

,0 

2 /o 

1-370 

0-652 


II 

11 

11 


i -5 

0967 

o -495 


II 

11 

11 

«i 

1 

0-720 

0-369 


• 1 

11 

11 

11 

0-5 

0-425 

0*2X8 

id) 





Glutamic add. 




* 9 - 5 * 

3835 

0*05 

1*75 

1% 

0*202 

0085 


II 

•• 

11 

11 

0*667 

0*X52 

0*064 


• 1 

SI 

11 

•• 

0*333 

0*086 

0*037 

•e) 





«- Alanine. 




* 95 * 

28x2 

0*05 

2-05 

1% 

0x68 

0097 


ii 

II 


I* 

0-667 

o-xo8 

0*062 


•i 

II 

1 

II 

o '333 

0-058 

o *033 


i IK plotted against i/Cwdu*t«t gives a straight line in each case (Fig. a). 
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Table in B. 

Reductant used—Sodium hypophosphite. Temp, as 31*. 
Jab* = 1696* pE = I*8o. 


Molybdate. 

Reductant. 

Ktot*] * io*. 
(Kt ) 

KdarJc * 
(Kd ) 

io*. Kh*ht *io®~ y. 

( Kt — JCd ) xo®. 

0 * 05 JW 

0*083# 

0*867 

0*350 

0-5x7 o* 4 ls 

M 

004x5 

0*438 

0173 

0*365 0*2f0 

M 

0*0307 

0*210 

0*082 

0-128 o*m 


The above data indicate that both the dark and light reactions are 
proportional to the concentration of the reductant. 


Effect of Varying the Concentration of SoL 
Table IV A. 

Reductant used=o'083 M-Sodium hypophosphite. Temp. =31°. 
pR = 2*15. d = 0*5 cm. 


Molybdate. 

Jabt 

<3*W) 

Ktotat * xo*- 
(Kt ) 

Kdark * 10*. 

(Kd ) (Kt 

Wight * 10* v 

- Kt)* io». 

o*xM 

1678 

0743 

0*317 

0*435 

0*405 

0075 

1488 

0*608 

0236 

0*372 

0*400 

0*05 

1257 

0*483 

0*167 

0-316 

0*393 

0-0*3 

1070 

0-358 

0*087 

0*271 

0.405 


Therefore, it is evident that the quantum yield of the photochemical 
reaction is independent of the concentration of sol and the velocity of dark 
reaction is approximately proportional to the concentration of sol. 
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Tablk IVB. 
d=o's cm. 


Temp. 

(a) 

7 

Molybdate. 

pn. 

y 

Reductant. K 0 » ic 1 . (366^ ) 

Formaldehyde. 

V' 

570*7 

0*018 M 

27 

o-8 5M 

0-488 

1-40 

» 

(1 b ) 

6625 

0036 

»t 

it 

Glucose. 

o* 56 q 

i-4X 

3 i* 

2634 

0-018 

*7 

10% 

0-148 

0-92 

It 

3337 

0-027 

a 

>9 

0188 

0*92 

II 

(0 

380-4 

0-036 

ft 

Leucine. 

0-2x4 

0-92 

29 'S* 

1575 

o-oi 

1-24 

1% 

0-212 

0-215 

tt 

3150 

005 

tt 

»• 

0-442 

0-226 

It 

(d) 

3825 

0-075 

11 

tl 

o-Alanine. 

0*535 

0-224 

29 * 5 * 

1710 

0-012.5 

2-05 

1% 

0-103 

0-097 

»? 

2317 

0-025 

It 

tt 

o-i 43 

0099 

t> 

(e) 

2812 

0-05 

It 

„ 0168 

Glutamic acid. 

0-097 

2 9 * 5 * 

1912 

0-0125 

2-6? 

1% 

0-085 

0-072 


2992 

0-025 

» 

>» 

0*137 

0-073 

n 

3825 

0-05 

•• 

99 

0180 

0-075 

In each case the quantum yield of 
independent of the concentration of the sol. 

the photochemical 

reaction is 


Temperature Coefficient. 

In all cases the temperature coefficient of the photochemical process 

j is small being of the order of unity. The temperature coeffi- 

cient of the dark reaction with hypophosphorous acid is of the order of 
2 as will be , evident from the following table. 

7 
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Table V. 





Sodium hypophosphite=o*o83N. p ■ =1*63. 





Molybdate 

=o’o5M. 

J.b. =1696. 


Temp. 

K total 

Kdtrk 

K light- 

Temp, co-eff. Temp, coeff. 



\Ki ) 

(ltd) 

(Kt -Kd) 

(light reaction). (dark reaction) 


41 ' 

1*683 

0-962 

0722 

1*02 2*04' 



3 >' 

1177 

0473 

0703 

»i n 




Kanafton 0/ Intensity of Incident Radiation. 






Tablr VI. 


Temp. 

/• b». 

Molybdate. 


Reductant. K x io* ///*. 

K) 

a) 





Formaldehyde. 



V • 

9981 

•018 M 

2'7 

085 M 0-888 

1-82 






i ‘75 


* 

5707 

” 

” 

„ 0-488 


b) 





Glucose. 



3 1% 

4829 

o-oi8 

*7 

10% 0-270 






183 

182 



263*4 

0018 

ft 

>1 0148 


(0 





Hypophosphite. 



3 1 * 

1246 

O'05 

1 85 

0*04X5N 0*200 

i*66 






171 


- 

727 

M 

»» 

11 0-220 


(d) 





Leucine. 



2 9 * 5 * 

2475 

0 05 

2'28 

1% 0*685 







180 

i *74 



1372 

” 

♦» 

o *393 


(c) 





a- Alanine. 



2 9 ‘ 5 * 

2812 

0-05 

2*6 

1% 0*215 

i*86 






i *75 


” 

1605 

»• 

•• 

,, 0115 


(/) 





Glutamic acid. 



2 9 ’ 5 * 

28x2 

0-05 

231 

0*667% 0167 

1*69 



i*66 


w 

1687 

a 

»» 

„ 0-098 
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The rate of reaction under otherwise identical conditions is propor¬ 
tional to intensity of radiation absorbed. 

Quantum Efficiency of the Process .— The quantum efficiencies of the 
process have been calculated exactly as done in Part II of this series and 
are given in Table III A. 


Effect of Polarised Light (366 m/a). 




Table VII. 



d= 0*5 cm. 

Nature of light. 

I»bi. 

*o* 10*. K' x io*. 

(a) Temp. — 31*. Formaldehyde —0-858!. Molybdate —0018M -^27 

Ordinary 

5707 

0489 0-066 

d-Circularly polarised 

76*8 

0066 

/-Circularly polarised 

76*8 

0067 

(b) Temp.*31*. Glucose = 10%. Molybdate-0018M. p n -2-7. 

Ordinary 

482-9 

0-296 0 048 

d-Circularly polarised 

76-8 

0-051 

/-Circularly polarised 

76*8 

0052 

(c) Temp- -31*. Alcohol-10 4M. Molybdate-0 018Ai. pm ^27. 

d-Circularly polarised 

IO98 

0-017 

/-Circularly polarised 

IO98 

0-018 

(d) Temp.-29*-5- 

Leucine< 

-x%. Molybdate-0*058!. -2-13. 

Ordinary 

2475 

0*663 o-u6 

d-Circularly polarised 

433 

o*n6 

/-Circularly polarised 

433 

0118 
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K' in column (4) has been calculated, for the intensity at which the 
reaction was carried in circularly polarised light, assuming that the velocity 
constant varies directly as the intensity of absorbed radiation. 

From Table VII, it is evident that Vo«Vl =V d , the terms having 
the same significance as in Part II of this series. 


Discussion. 

The reactions have the following characteristics :— 

(1) It is zero-molecular with respect to sol and the concentration of 
the sol has got no influence on the quantum efficiency of the photochemical 
process. 

(2) Zero-molecular velocity constant is proportional to the absorbed 
radiation. 

(3) Maximum value of the quantum yield observed is practically 

unity. 

(4) The inverse of velocity constant plotted against the inverse of 
the concentration of the reductant gives a straight line. (In case of 
hypophosphite, dark reaction is proportional both to the concentration of sol 
and that of hypophospliorous acid). 

(5) Temperature coefficient of the velocity constant is unity 


K t 

(6) d- and 1-circularly polarised light are equally effective (cf. 
reduction of tungstic acid sol; Part II). 

All these characteristic features can be explained by the assumptions 
which were similar to that in the case of tungstic acid sol in Part II. 

Unlike the reduction of tungstic acid sol, d - and /- circularly polarised 
lights are equally effective. 


Chkmxcai, Laboratory, 
Dacca University, 
Ramna, Dacca. 
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PHOTOCHEMICAL REACTIONS WITH SOME INORGANIC 
COLLOIDS AS ACTIVE AGENTS UNDER THE INFLUENCE 
OF LIGHT IN VARIOUS STATES OF POLARISATION. 
PART V. ON THE EFFECT OF p H ON THE PHOTO¬ 
REDUCTION OF MOLYBDIC ACID SOL IN UNPOLARISED 
LIGHT. 


By J. C. Ghosh, T. Banerjee and Md. S. A. Khan, 

The present section deals with the effect of p on the velocity 
of reduction of molybdic acid sol. The reductants studied were mostly 
those used in the analogous reaction with tungstic acid sol. 


Experimental. 

Experimental procedure and arrangments of apparatus are exactly the 
same as in Part IV. 

Sodium chloride of different concentrations, as formed during the pro¬ 
cess of neutralisation of acid by caustic soda for changing the p K , was 
found to have no effect on the velocity of photoreductions. 

Effect of pm on the Velocity of Photoreductions . 

Table I. 

Molybdate=o’o5M. d (thickness of the cell) = 0*5 cm. h \*=Intensity 
of energy (366/^) absorbed in ergs per sq. cm. per sec. 


(a) 

Glucose * 10/0 

lb ) Leucine = r; 0 

(0 Glutamu acid 1% 

( d ) a Alanine 1' 


Temp. - 31 0 

Temp 

2U5 # 

Temp 

-295 

I enip 

1 29 5 


/abf. -725 

ItihH 

3 J 5° 

/ nbn 

-4275 


*3420 

pa. 

K 0 x7o l °. 

pa. 

K n x 10 

»° p u . 

K„ x 10 

pn 

K 0 x 10' 

i*35 

3*45 

0*096 

3* J 7 

I 6 

I *Q2 

1H1 

i*30 

2*03 

3*58 

ri6 

3*58 

I*8l 

2 !33 

2 21 

2 08 

268 

375 

1*57 

5*67 

212 

3 00 

2*60 

2'53 

3*66 

372 

1*79 

7*20 

2 ' 4 I 

3’i7 

3*30 

2 69 

4*88 

3*67 

2*45 

8*33 

3’50 

3*33 

4*05 

2*42 

528 

3*58 

333 

8*oo 

460 

2*83 

4*8 

217 

575 

i'i7 

4-65 

7*83 

5*25 

2*08 

5*4 

I 27 



5> 

7*00 

5*6 

118 





5-48 

5*25 







5-65 

4*oo 
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Table II. 


d = o*5 cm. Molybdate — 0*05 M. Sodium hypophosphite = 0*083*!. 
Temp. = 29*5°. I»u. * 1696. 


A. pm. 

Xtotei * io 1 *. 

KiUrk * 10M 

Kiight x 10M. Cone, of tmdisso- 

(light and dark) 

(Ki) 

hKt 

-Ka) * 

10 10 ] dated hypophos- 






phorons acid. 

1*63 

12*08 

4*67 


7*42 

<*•0235 M 

i* 8 i 

8*75 

3*5° 


5*25 

0*019 

2*10 

6*33 

1*83 


4*50 

0*011 

3*oi 

4*°7 

o*57 


3*57 

0*0018 

3*94 

3*43 



3*43 

0*0005 

4*7 

3*33 

... 


3*33 


5*3 

3*°8 

... 


3*o8 

... 

5*6 

1*85 

... 


1*85 


B. 






Pm 


1-67 i* 8 i 

i*95 

2*25 

270 3*2 4-5 

Ktotftl * 10 1 * (light and dark) 

ii-8o 875 

7-00 

5*67 

3*85 2* 18 X-02 


The data in group A have been obtained by varying the p B by addition 
of caustic soda after the sol has been fully formed by the previous addition of 
excess of hydrochloric acid, while those in group B have been obtained with 
the sol prepared by adding just sufficient hydrochloric acid to the molybdate 
to reach a particular value of p B - The results in group A indicate an 
almost constant reaction rate from p B 2 5 to p B 5» while those in group B 
indicate a steady fall with increase in p B - 

Discussion. 

The influence of p B upon the velocity of photoreductions of molybdic 
acid sol with glucose and amino-acids is different from that with sodium 
hypophosphite. We shall treat the two cases separately. 


Observations with Glucose and Amino-acids. 

The curves in Fig. 1 when produced cut the pm axis at p m 61 where the 
velocity of the process is expected to be nil. As the p m decreases below 
6*i, the velocity of reduction rapidly increases, the curves showing a break 
at pm 4*7* The velocity of reaction increases slightly with decrease in pm 
and a maximum is reached at pm about 2-5, below which the velocity 
decreases very slightly. 
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Fig. i. 


* « 3 4 S 6 7 



These results are in complete agreement with the conclusions of Jander 
and others (Z. anorg • Chetn , 1030,194,413) who found that different types ef 
molybdic acid micelles are formed at different p* when H 1 ions are added to 
an alkali molybdate. 

They found that 

Above pu 61, the ion has the composition (MO,)". 

At pu the micelle ion (HMojOnV" begins to be formed. 

At pa 4'S the micelle ion (HMojOfl)"'" begins to be formed. 

Below pu 2-q the micelle ion (HMoijOii)” 1 . 

(HjMojiO it)""' etc. are formed. 

From our observations (vide Table I A; also curve with glucose. Fig. 1) 
on the influence of pn upon velocity of photoreduction of molybdic acid 
micelle with glucose, we have seen that up to p u 6‘i, there was no reaction 
at all as only the ion Mo," exists in true solution- 

From our results we can rightly come to the conclusion that as the 
p„ is lowered below 61, photosensitive micelle ion (HMo s O 1,)'" begins 
to be formed. This is complete at pu 47- Beyond p, 47 , the micelle ion 
(HMo 0 Oj S )'"'' which is more photo-active than (HMo s O) 1)'" commences 
to grow and this formation is completed at pu 2 9. Below pu 2-9, the photo¬ 
active micelle ions (H3M00O91)'", (HMoigOai)!'", (H7M094O78)'"" 
begins to appear in the system. This is why we observe a maximum in 
the neighbourhood of Pu 2 9 and slight decrease in velocity with further 
decrease in pu 
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Observations with Hypophosphite. 

The results obtained with hypophosphite are somewhat different from 
those obtained with glucose and amino-acids. From Table II (a) it is evident 
that dark reaction is proportional to the concentration of undissociated 
hypophosphorous acid and it disappears when the concentration of undisso¬ 
ciated hypophosphorous acid is nil. In other words, the velocity of dark 
reaction is given by the equation, 

= K (surface cone, of undissociated hypophosphorous acid) 

dark 



The light reaction is, however, given by the equation dxjdt—K n (C*. disso¬ 
ciated reductant) + Kv (C* t undissociated reductant), Cs denoting surface 
concentration. 

The values of K» & KV have been calculated to be 40*8 x 10“ 10 and 
140 x 10“ 10 respectively. Table III shows the validity of the equation. 

Table III.. 


p* • 

Cone, of hypophosphite 
Dissociated. Undissociated. 

Koh*. x 10*0 

A'calr. x IO 10 . 

I$I 

0-06 M 

0-019 M 

5*25 

5*11 

2*1 

0-072 

o-oii 

4*50 

4.48 

3*oi 

o-o8i 

0-0018 

3*57 

3*56 

3*94 

0-0825 

0-0005 

3*43 

3*44 

4*7 

0-083 

— 

3*33 

3*33 


Above pn 47, the entire amount of sodium hypophosphite becomes 
dissociated, and we have only hypophosphite ions in solution. Hence after 
pm 47, the rate of decrease in velocity with sodium hypophosphite should be 
comparable with that of glucose, as has been experimentally found to be the 
case (vide. Table IV). 



Table 

IV. 


Pn . 

Kkrpopbotpbit*- . 

Aplucot* • 

/Chypopborpbitr 

KglueoM 

4*7 

3*33 * io" 1 ® 

3*7 x I0’ io 

0-90 

5*3 

3-08 x jo~ 10 

3*3 x io" 1 ® 

0-93 

5 * 6 

1*87 X IO' 1 ® 

2-1 x ioi 1 ® 

0-90 

Chemical Laboratory, 



Dacca University, 



Ramna, Dacca. 
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PHOTOCHEMICAL REACTIONS WITH SOME INORGANIC 
COLLOIDS AS ACTIVE AGENTS UNDER THE INFLUENCE 
OF LIGHT IN VARIOUS STATES OF POLARISATION 
PART VI. PHOTOCHEMICAL REDUCTION OF VANADIC 
ACID SOL WITH ETHYL ALCOHOL IN ACID MEDIUM. 

By J. C. Ghosh, T. Banerjbe and S K. Bhattacharjke. 

Merck’s extra pure ethyl alcohol, sodium meta-vanadate and hydro¬ 
chloric acid were used in this investigation The vanadic acid sol was 
prepared every day immediately before each experiment by adding to a 
solution of sodium meta-vanadate a little greatei than half the equivalent 
amount of hydrochloric acid when a reddish yellow sol was produced. 

4NaV0 3 + 2HCl = Na 2 0 , 2 V 2 0 * + 2NaCl h H *0 

Dumanski (Kollcid 1923. 33 , 147) postulates that by the addition of 
hydrochloric acid to salts of ortho-vanadic acid, the following changes 
occur. 


VO/' V3O9"' + HV 6 0 17 "'+ V 2 0 3 [HV 6 0 7 , nV 9 0 5 ]"' 

(Colloid particle). 

Lange (Kolloid Z., 1932, 69 , 168) determined the relative concentrations of 
true solutions and colloidal solutions of V 9 0 5 by optical methods and his 
results are given below. 


Total cone. 

Cone, of eolloidal sol. 

Cone, of true solution. 

i 4 *i 4 Af 

I 3 - 53 M 

o- 6 i M 

7*07 

6-j6 

o* 8 i 

2*83 

I*64 

119 


In our experiments, the total initial concentration was not less than 
8*2 m.M. per litre. 

The pn value of the sol was determined electrometrically using 
quinhydrone electrode which was found to be satisfactory when an accuracy 
of ±0*2 in pji was aimed at. 

Spectrophotometric method was applied for the estimation of the 
reduced vanadic acid sol. Dumanski Hoc. cit.) found that when V$Oa sol 
is reduced by hydrazine hydrate, the products exist in the colloidal state 

8 



Cone of * io* N. 


552 J. C. GHOSH, T. BANERJEE AND S. K. BHATTACHARJEE 

and exhibits all the properties of colloidal solutions. For our purpose, a 
Konig-Marten spectrophotometer was first calibrated. The absorption due 
to reduced greenish blue vanadic acid sol was measured by means of the 
spectrophotometer in the red region (632 up), where the absorption due to 
original vanadic acid sol is practically negligible. Different concentrations 
of the vanadic acid sol and the corresponding spectrophotometer readings 
(#2) after complete reduction of the sol by alcohol on long exposure to 
sunlight are given in Table I. 


Table I. 


Cone. o£ VjOj sol. 

*• 

0, (zero reading of 
spectrophotometer.! 

Log tan #1 - log 

123 x io’ 4 M 

797 

46 

07398 

82-5 * io“ 4 

7.V3 

46 

0*4960 

55-0 x io’ 4 

65-3 

46 

0*3161 

41*0 x IO’ 4 

59'5 

46 

0*2158 

27-5 x jo’ 4 

55*° 

46 

0*1396 

20*6 x IO’ 4 

5i-5 

46 

0*0839 


On plotting log tan 0 a - log tan against concentration of vanadic 
acid sol, a straight line was obtained (Fig. 1) indicating that Beer's law is 
obeyed in the case. It is interesting to note that for vanadic acid sol 
itself Beer's law is not obeyed (Lange, loc. cit .) due to the fact that with 
change in dilution, the equilibrium between molecules in true solution and 
colloidal solution is'disturbed. In our case, however, the total concentration 
remains 'constant. What changes, however, is the ratio of micelles in the 
oxidised and the reduced state. 



9 15 *1 27 33 39 45 51 

Log tan *r~log tan $ v 


o -7 
°*5 
0*3 

0*1 

07 o*6 0*5 o’4 0*3 

1 IK x xo~ M . 


Fig. 2. 
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From this standard curve (Fig. i), the concentration of reduced vanadic 
acid sol at any time after exposure to ultraviolet light was determined by 
taking the spectrophotometer reading (log tan - log tan#,) correspond¬ 
ing to the absorption in the red region of spectrophotometer. 

Dark Reaction.- —Vanadic acid sol is not reduced by ethyl alcohol when 
kept in the dark for a period of 8 hours at 32 0 . 

Determination of the Order of the Reaction. 

Table II. 

Sodium ineta-vanadate as V 2 0 4 = 82 5 x icT«M. Alcohol = 104 M. 
HC1 = o 01M. pn of the sol = 3 - 92. Region = 366 /i/*. Temp. = 32°. 

Tab. — 4280- 


Time. 

Spectro-photo- 
meter reading. 

Vj 0 5 sol x io 4 . A'o x io 10 (zero-mole¬ 
cular with respect 
tO VjOft hoI) 
per c.c. per stc. 

K (mean). 

0 min. 

49*5 

Sr s M 


90 

54*5 

637 3 ’ 4 ‘ 2 


192 

63-0 

4 1 '5 3*50 

3*40 

316 

69*5 

2i*o 3-32 


The reaction is evidently zero-molecular. 

Tabi.k III. 

Effect of varying the concentration of alcohol. 


d = o‘5 

= 39 - 

cm. la b» = 4280 

. Temp. =32°. HC 1 = 

O'OlM. pa 

VjOg sol x 

io 4 . Cone, of alcohol. I \ 0 x io 10 . 

7 - 

S2 -5.W 

10-43/ 

3*4 

0-130 

»* 

6-95 

2-98 

0-114 

it 

3*47 

2*43 

0-093 

n 

174 

1-47 

o-o6i 


On plotting i/K against i/C (ethyl alcohol), a straight line is obtained 
(Fig. a). 

• lab* here and in the following tables indicates the intensity of radiation absorbed 
yn ergs /cm*/ sec. and d, the thickness of reaction cell. 
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Table IV. 


Effect of varying the concentration of the sol. 


d = 0*5 cm. 

Ihhn = 4280 ergs. 

pn of the sol = 3*92. 

Temp. = 

Cone, of V*Ofi sol. 

Cone, of alcohol. 

Kq x io'o. 

r 

130-0 X lo‘ 4 M 

6-95 M 

3*22 

0-119 

82*5 x 10" 4 

t , 

• 2’98 

0*112 


In the above cases, the p„ value of the sol was kept constant by trial, 
by adding, where necessary, the requisite quantity of free hydrochloric 
acid. 

The velocity constant, as is evident from Table IV, is independent 
of the concentration of vanadic acid sol, when the intensity of absorbed 
radiation is the same. 

Table V. 

Effect of varying the p B of the system. 

Temp. = 32°. fa 1111=4280. V s O s sol.=S2 - 5 x Alcohol = io'4Af 

— S*° 3 - 9s 331 3-10 

K«xio’» ... 4-X2 3-40 2-17 i. 55 

Temperature Coefficient of the Reaction. “The temperature coefficient 
^ * s sllla H. being of the older of i'i. 


Effect of Varying the Intensity of Absorbed Radiation. 
Table VI. 


Temperature of the thermostat = 32 0 . Cone, of V e O 0 sol*=82'5 x io“ 4 Af 
Pa of the sol=3'92. Cone, of alcohol = 10'4M. 


7 »bt 

•• 4280 

3249 

2085 

1399 

654 

K % x xo w 

3-40 

277 

i- 9 « ■ 


o *94 
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The velocity constant is proportional neither to the intensity of absorb¬ 
ed radiation nor to the square root of the intensity. 

Quantum Efficiency of the Process -—The quantum yield of the photo¬ 
process is much less than unity. 

A typical calculation is given below :— 

We shall take, for example, the reaction in Table II. 

The no. of Einstein (366/*/*) absorbed per sec. per sq. cm. 


_4280 x 366 x io" 7 _ 

(6*55 xio" 27 ) x (3 x 10 l0 ) x (6*i x 10* 


13 °7 X ID" 10 , 


d =0*5 cm., 


No. of g. mol transformed in 1 sec. in a cell (1 cm x 1 cm x '5 cm.) 
= K {) x *5 = 34 x 10” 10 X05 ~ i*7 x io* 10 . 


y (Quantum efficiency) = -- 7 . n - = 0*130. 

13 07 x 10 10 


Effect of Polarised Light. 
Table VII. 




V a 03 *Hi ‘5 x icT 4 M. 

Alcohol - io'^M 


Nature of light 

I*h* 

M 5 x 20 10 . 

Unpolarised 

„ 6 54 

0*92 

^Circularly polarised light 

560 

0*90 

d-Circularly polarised light 

S60 

0*58 


We see from Table VII that /-circularly polarised light is more 
efficient than d-circularly polarised light. 
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Discussion. 

The reaction has the following characteristics :— 

(a) The velocity of reaction with reference to Vg0 5 sol is zero-mole* 
cular. 

(b) The velocity constant diminishes as the concentration of .ethyl 
alcohol diminishes, the concentration of vanadic acid sol being kept cons¬ 
tant. i IK plotted against i/Cakohoi gives a straight line. 

(c) The velocity constant is almost independent of the concentration of 
vanadic acid sol, the p a value being kept constant. 

( d) The temperature coefficient of the reaction is almost unity. 

( e ) The velocity constant is proportional neither to the intensity of 
radiation nor to the square root of intensity. 

(/) The quantum efficiency is much less than unity. 

(g) /-Circularly polarised light is more effective than d-circularly pola¬ 
rised light in bringing about the photoreduction of vanadic acid sol with 
alcohol. 

The peculiar feature of the reaction is that the velocity constant is 
neither proportional to the intensity of radiation nor to the square root of 
intensity. This indicates that absorption of a quantum of radiation 366/*/* 
may 

(1) excite a V 2 0 : , molecule fixed on the surface of the sol, which 
reacts with alcohol or 

(2) dissociate a V^Cmolecule into V2O4+ U, the molecule of V 2 0 4 and 
oxygen atom reacting separately with alcohol. 

For reaction (1) 


dx\ _ 1 _ 

dt Nhv 


. KCu 


(*) 


(C« ■* surface concentration of alcohol) 

For reaction (2), since the quantum efficiency is very much less than unity, 
the surface concentrations of oxygen atom and of V a 0 4 molecule are practi¬ 
cally determined by the equation 
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Nfev 


-*V, 0-9 


VA+O-^VO, .. 

If the rate of the following reactions taking place on the surface of the 
micelle are approximately the same 

V2O4 +C2H5OH —> VgOs + acetaldehyde + water / 

; ... (tv) 

O + C2H5OH —► acetaldehyde + water \ 

the concentration of O atom and V2O4 molecule throughout the process are 
the same, hence 


[O] 


- l <\! VNhv 


or 


[V 8 0 4 ] = K-, \/xj- v . 


The velocity of reactions (3) is given by 


dx 2 
dt 


K c 


VNhv ■ 


K*C. 


and the total velocity 


K 0 



dx\ + dx* 
dt dt 



. K . C% . 


The rate of oxidation of alcohol also depends on the surface concentra¬ 
tion of alcohol. Hence K 0 (the velocity constant of the reactions) will vary 

as Ct. 

But since C« is given by 


/C 4 Caloohol _ 

K& + KftCaleohol 


(according to Langmuir's hypothesis) 
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i/Ko plotted against i/Caicohoi should be a straight line, which has 
actually been found. 

The relatively lower efficiency of the d-circularly polarised light will 
be discussed elsewhere in this series. 

The effect of pn on the velocity of reaction in this case is opposite to 
that observed in the case of tungstic acid and molybdic acid sol. The 
velocity diminishes with decrease of p B until we reach p H . 3 when the sol 
becomes unstable. This can be best explained on the basis that there is 
equilibrium in the solution between the following forms 

[H V 0 O,7 + « v,0 # 3"' + H* [H 2 V(, 0 |7 , n V 2 O a ]" 

rH a V,, 0 , 7.11 V 2 0 5 1 " +H*v=^ [H ;i V b O ,7 .nVAL 

and so on. 

With increase in the concentration of H', the negative charge on the 
colloid micelle diminishes, and with diminution in the density of charge, 
particles become larger and larger. Hence the specific surface diminishes 
which results in a diminution in the velocity of the surface reaction which 
we have studied. 


Chemical Laboratory, 
Dacca University, Dacca. 


Received July 30, 1936. 



PHOTOCHEMICAL REDUCTIONS WITH SOME INORGANIC 
COLLOIDS AS ACTIVE AGENTS UNDER THE INFLUENCE 
OF LIGHT IN VARIOUS STATES OF POLARISATION. 
PART VII. PHOTOCHEMICAL REDUCTION OF URANIC 
ACID SOL BY SODIUM TARTRATE. 

By J. C. Ghosh, T. Banbrjeb and J. C. Bose. 

In this part the characteristic features of uranic acid sol as a photo¬ 
chemical oxidant have been described. 

Experimental. 

Preparation of Uranic Acid Sol. —A clear golden yellow coloured sol 
was obtained according to the method of Szilard (/• clnm. phys., 1907,8, 
488, 636). 

Estimation of Uranic Acid Sol prepared. —The uranium content of the 
sol was estimated as U 3 0 8 (Treadwell and Hall, '‘Analytical Chemistry" 
1924, Part II, p 107). 

Experimental Procedure. —No reduction was observed on exposing 
solution of uranic acid sol alone to ultraviolet rays (366 up and 336 pp). 

The photoreduction in presence of sodium tartrate has been estimated 
by titrating potentiometrically with a solution of potassium dichromate 
(Ewing and Eldridge J. Amer. Chem. Soc., 1922, M, 1484)- When 
a solution of potassium dichromate is gradually added to uranous salt, the 
E. m. f. of the system, measured against a calomel electrode, increases and 
at the null point (i.e., when all the uranous salt has been converted into 
uranyl), a sudden rise of e* m. f. takes place under suitable experimental 
conditions. 

As the uranous salt is very easily . oxidised by the oxy¬ 
gen of the atmosphere, a layer of liquid paraffin was spread over it; and 
more over, the titrations were done in an atmosphere of carbon dioxide. 

Several blank determinations of uranous salt in this laboratary by the 
potentiometric method gave results which were concordant within it o’2% • f 
The results were further confirmed by the titration of the uranous salt with 
standard potassium permanganate solution. 

9 
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Merck's chemically pure sodium tartrate was twice crystallised from 
water. 

It was found that uranic acid sol does not react with sodium tartrate 
when kept in the dark for io hours. 

In the following tables, d denotes the thickness of the reaction cell, 
lab*, the intensity of radiation absorbed in ergs per sq. cm. and y=quantum 
efficiency. 


Results. 


Efjeci of Varying the Concentration of Uranic Acid Sol . 
Table. I. 


d *= o*5 cm. Cone, of uranic acid sol = o*oi jM. Temp., 30°. Sodium 
tartrate = 0*33 3 M. I a b. = 2170. Dichromate = o*oi N 


Time. C.c. of dichromate a *252 c.c. 



reaction mixture. 

K- 2'3 » -r— * lo K: 

t ec t 

0 

o-o 

1-23 x io" 8 

120 

o *35 

1*23 x io" 8 

36° 

o*68 

I II x io ” 8 

600 

°79 

Mean 1-19 xio -8 


Similar readings were taken with other concentrations of uranic acid 
sol and the results are given below. 


Sodium 

tartrate. 

Uranic 
acid sol. 

K» 2-3 x ~ log— 
tnec Q-X 

(l! 

1*07 x 10" 8 

y. 

0 - 333 .W 

o*o26M 

0*70 

»» 

0*017 

I*X9 X IO" 8 

072 

If 

0-013 

1*15 x io" 8 

o*68 


Effect of Varying the Concentration of Sodium Tartrate. 
Table II. 

Temp. = 30°. I A b* = 2170 ergs. 


Sodium tartrate 

Uranic acid sol. 


K (1). 

7. 

o -333 -V 

0*026 M 


1-07 x io" 8 

070 

o*i66 

M 


O-QI x IO' 8 

o*6o 

# 0083 

II 


0-73 x io -8 

o-55 

It is found that 

i/K plotted against 

l/C»rtr»te glVeS 

approximately 


a straight line. (Fig 1). 
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Fig. i. 



2 4 6 8 io 12 

i/O—^ 

/ 40 ' 

£#ed 0/ Faryiw# /fee Temperature. —Temperature coefficient! —, 

\K 3 ° 

is small being of the order of r 1—1*2, 

Effect of Varying the Intensity of Radiation Absorbed • 


Table III. 


/ ttbs. 

Uranic acid 
sol. 

Sodium tartrate. 

K{ 1). 

2170 

0*026 M 

o*i 66 M 

0*91 x io~* 

53 « 

» 

>. 

0*23 X I 0 ~® 

2170 

>» 

=& 

O 

0*730 X 10” • 

530 

•» 

11 

0*18 X 10~ # 


It will be seen from the above table that the velocity constants vary di¬ 
rectly as the intensity of radiation absorbed. 

Quantum Efficiency of the Process .—Quantum efficiency is a litile less 
than unity, being of the order of 0*55—072. 


Effect of Polarised Light on the Reduction . 


Table IV. 


Nature of light. 

Intensity of 7 *bh. 

Uranic at id 

Sodium tartrate. K(j). 

Unpolarised 

2170 

o’oi7M 

o *333 ^ 1*19x10*• 

d-Circularlv pol¬ 
arised ' 

300 

9 9 

,i 0*165 * io* 1 

/•Circularly pol¬ 
arised 

300 

M 

,. 0*157 x io~* 
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The above table shows that on the assumption that the velocity cons¬ 
tant varies directly as the intensity of radiation absorbed 

Vo = Vi. = Vo , 

Vo , V L , Vo having the same significance as in Part II. 


Discussion. 

It will be seen from the previous tables that the velocity constants are 
concordant when given by the equation 


a 

t 


log 


a—x 


This equation is obviously the integral of 


dzx ___ CL —X 

1 T~ K a 


... (t) 


During the process of photochemical reduction of uranic acid sol, ura- 
nous acid is formed. The active radiation is absorbed both by uranic acid 
and the resulting product uranous acid. It has been found experimentally 
that almost the whole of the incident radiation is absorbed by the reaction 
mixture; variation of the composition of the reaction mixture within consi¬ 
derable range does not affect this property. The molecular extinction co¬ 
efficients of uranic acid and uranous acid in the near ultraviolet is of the 
same order and if ' 7 M is the intensity of radiation absorbed by the reaction 
mixture, we may assume that the fraction absorbed by uranic acid is 

— * xl # and that by uranous acid is —I. Now it is the fraction of 
a a 

light that is absorbed by uranic acid which is photochemically active; and 

hence the number of excited molecules of uranic acid produced per sec. 

= K(a—xla)xIlNhv. 

If i\ is the surface concentration of the tartrate on the micelle 


dx 

dt 


=K 


(a—x) 


1 

’ Nhv 


. C 


a 
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But following Langmuir's hypothesis, we have 


Cm = 


KjCt 

i+KaCt 


the solution. 


where Ct is the bulk concentration of the tartrate in 


dx = ^(a—x) I Ki Ct 

dt a Nhv i + JCgCt 

For excess tartrate concentration, and constant intensiiy of radiation, 


* =7 log 


a 

a -x 


which has been found to 1 >e case. Again K should be proportional 
to light intensity “ 1 ” which has also been found to be the case, the quantum 
efficiency being of the order of unity. 


K 


also is proportional to 


_JC\C\ 

i-fKgCt 


or 4 ; is proportional to + - ■ — — or plotted against should 
K A i KiCt h Ct 

give a straight line, which has also been found to hold good. 

It will be noticed that unlike the sol tungstic acid and vanadic acid, 
which have greater photochemical efficiency when excited by /-circularly 
polarised light than by d-circularly polarised light, the photochemical effi¬ 
ciency of uranic acid sol when excited by equal intensities of both types of 
circularly polarised light is the same. 


Chemical Laboratory. 
Dacca University. 
Ramna, Dacca 


Kcccived July 20, 1935 



ENZYMES IN SNAKE-VENOM. PART III. EFFECT OF 
TEMPERATURE AND CHEMICALS ON THEIR 
ACTIVITY. 

By M. L. Kundu, S. S. De and B. N. Ghosh. 

In two papers published previously (Ghosh, /. Indian Cheni. Soc ., 
1936, 18 , 450 ; Ghosh and De, ibid., 1936, 18 627) it has been shown 
that the venoms of cobra (Naja Naja) and of Daboa (vipera Russelli) 
contain proteolytic enzymes, the optimum activity of which is in the 
neighbourhood of p n 7*o when casein is used as substrate' and at p B 8*o to 
8*2 when gelatin and egg-albumin are used instead of casein. It has also 
been shown that these venoms can oxidise haemoglobin to methaemoglobin 
and can hydrolyse Witte’s peptone ; the optimum pa for the latter reaction 
being 8*2 to 8 4. Further work on this line was carried out with the 
venoms of Krait ( Bungarus fasciatus) and of Echis carinata. The effect 
of temperature and of chemicals like potassium cyanide on the activity of 
the proteolytic enzymes present in the venoms of cobra, Daboa, and Echis 
carinata were also investigated. The results obtained are recorded in this 
paper. 


.Experimental. 

Action of Venoms of Krait and 0] Echis carinata on Proteins . 

The experimental procedure adopted was similar to that described by 
Ghosh ( loc . cit.) in a previous paper. v Stock solutions (5%) of gelatin, 
Merk’s dried egg-albumin and of casein were prepared and kept in a refri¬ 
gerator with a few drops of toluene as preservative. 

Solutions of venoms of Krait ( Bungarus fasciatus) and of Echis 
carinata in 0*9% NaCl were prepared and their toxicity determined by 
intravenus injection into pigeons weighing between 300 and 310 g. It was 
found that the lethal doses for pigeons, of Krait and of Echis carinata 
venom were 0*4 mg. and 0*055 nig. respectively. 

The stock protein solution (20 c.c.) was taken in a conical flask and 
its reaction adjusted to the requisite value by adding a few drops of HC 1 or 
NaOH according to need. To this solution, 10 c.c. of buffer solution of the 
desired p * were added. 10 C.c. of this buffered protein solution were placed 
in each of the two conical flasks. To one of the flasks, 2 c.c. of venom 
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solution and 8 c.c. of 0*9% NaCl solution were added. To the other, which 
served as control, 10 c.c. of 0*9% NaCl solution only were added. After 
the addition of a few drops of toluene to each of the flasks, they were 
stoppered and placed in a thermostat at 37 0 . At suitable intervals of time, 
5 c.c. portions of the solution were withdrawn from each set of flasks, and 
added to 45 c.c. of absolute alcohol containing 0*5 c.c. of a 0*5% thymolph- 
thalein solution in alcohol. To the flask containing the 5 c.c. control 
sample, 0*5 c.c. of venom solution was added just before titration. The 
buffer solutions used were acid potassium phthalate from p u 2*2* to p tt 5*8, 
acid potassium phosphate from p n 6*o to S*o and boric acid and potassium 
chloride from pn 8*2 to io*o. The interval of time allowed for digestion 
after the addition of venom solution and before titration (briefly denoted as 
incubation period) was for Krait venom 14 hours and for Echis carinata 
venom 6 hours. 


Table I. 

Substrate—Egg-albumin. Venom —Echis carinata. 
o-0366N-EtOH-KOH reqd. to titrate 5 c.c. of soln 


Pn . 

Active venom 
+ substrate. 

Control. 

Piff. 

Ph • 

Active venom Control. 

+ substrate. 

Piff. 

S'O 

3“33 c.c. 

3-25 c.c. 

0*08 c.c. 

7‘5 

3 *i 6 

2*57 

o *59 

6*o 

4*2 

3-90 

0*30 

8-o 

272 

2*10 

0*62 

6-5 

3-8 i 

3*40 

0*41 

8-6 

2*28 

170 

0*58 

7 *o 

3*52 

3*oo 

0-53 

9 *o 

1-85 

1*40 

o*45 





9*5 

I "29 

I‘01 

0*28 


Table II. 


Substrate—Casein. Venom —Echis carinata. 

o o366N-EtOH-KOH reqd. to titrate 5 c.c. of soln. 


Pn. 

Active venom 
+ substrate. 

Control. 

niff. 

Pn. 

Active venom 
+ snbstr&te. 

Control. 

Piff. 

5 *o 

3*8i c.c. 

3*60 c.c. 

0*21 c.c. 

7*5 

3*55 

a-8 S 

f* 

0*70 

6 0 

5-06 

4*62 

0*44 

8*o 

2*77 

2*1 

o*66 

6*6 

4*61 

402 

o *59 

8*5 

2*21 

1*65 

0*56 

7 *o 

4*06 

3*4 

o*68 

9 *o 

1*57 

1*12 

o *45 





9*5 

ri3 

0*93 

0 * 3 | 
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Table HI. 

Substance—Gelatin. Venom —Echis carinata. 

o - c> 3 < 56 N-BtOH-KOH reqd. to titrate 5 c.c. of soln. 


Pit . 

Active veiK m 
+ sabstrate. 

Control. 

Diff. Ph 

. Active venom 
+ substrate. 

Control. 

Diff. 

5 ° 

2*08 c.c. 

a‘01 c.c. 

007 c.c. 8*o 

i*95 

1*41 

054 

60 

2-83 

2*56 

027 8*5 

1*72 

1*22 

0*50 

6*5 

2*49 

2*11 

0*38 9*0 

*’52 

1*10 

0*42 

7'o 

a'38 

1*91 

o*47 9*5 

i*i 5 

0*90 

0*25 

r* 

2*31 

1*80 

o*5* 







Table IV. 





Substrate—Casein. 

Venom—Krait (Bungarus fasciatus). 



0 

‘o452N-EtOH-KOH reqd. to titrate 5 c.c. of soln. 




pH . 

Active venom 
♦ substrate. 

Control. 

Diff. 



6O 

4‘8i c.c. 

3*76 C.C, 

1*05 C.C. 


7*o 

<54 


2*78 

1*76 



7*4 

• 418 


2*37 

1*81 



80 

3‘3 6 


x *74 

1*62 



:o 

1*90 

Table V. 

0*98 

0*92 



.Substrate—Gelatin. Venom—Krait (Bungarus fasciatus). 



o’o^saJV-BtOH-KOH reqd. to titrate 
5 c.c. of soln. 


/>* • 

Active venom 
♦ substrate* 

Control. 

Diff. 

6*o 

2*48 c.c. - 

2*10 c.c. 

0*38 c.c. 

7*o 

2-23 

1*58 

0*65 

7*6 

3*22 

1*32 

0*90 

8*o 

2*13 

1*15 

0*98 

9 *o 

1*61 

0*92 

0*69 
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From an examination of data recorded in the Tables I—III, it appears 
that the optimum activity of the proteolytic enzyme in the venom of Echis 
carinata is at p ■ 8*o—8*2, the substrates being gelatin and egg-albumin ; 
when, howeyer, casein is used as substrate its optimum activity is in the 
neighbourhood of p u 7*0. 

Again it will be noticed from the data in the Tables IV and V that with 
casein and gelatin as substrates, the optimum activity of the protease in the 
venom of Krait (Bungarus fasciatus) is also in the neighbourhood of p m 7.0 
and pn 8*o respectively. 

Action of the Venoms of Krait and Echis carinata on Peptone- 

Although it has been recorded by Launoy ( compt . rend., 1902, 135, 401) 
that the venoms of cobra and of the vipers can hydrolyse the native proteins, 
leading to the formation of albumose, yet it was not known until recently 
that these venoms can act on peptone. It has recently been shown by 
Ghosh and De (loc. cit.) that the venoms of cobra (Naja Naja) and vipera 
RusUlli contain enzymes which can hydrolyse Witte’s peptone. In this 
paper the results obtained with the venoms of Krait and of Echis carinata 
are recorded in the following tables. 


Table VI. 

Substrate—Peptone. Venom— Echi* carinata . Incubation period—6 hrs. 

0*0366#-BtOH-KOH reqd. to titrate 
5 c.c. of solution. 


Pn - 

Active venom + 
substrate. 

Control. 

Diff. 

5 *o 

6*91 

6 ’Ko c.c. 

0*11 cgc t 

fro 

636 

6*30 

0*26 

*5 

6*17 

5 *«o 

o *37 

7 *o 

5*49 

5'oo 

0.49 

7*6 

4*49 

3*90 

0*59 

S*o 

3*74 

3 **o 

0*64 

8*5 

3*08 

**45 

0*63 

9 *o 

2*44 

1*90 

o *54 

9*5 

2*00 

x > 

0*30 

10 
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Table VII. 

Substrate—Peptone. Venom—Krait. Incubation period—14 hrs. 
o'0452N-KtOH-KOH reqd. to titrate 5 c.c. of soln. 


Pm . 

Active venom + 
substrate. 

Control. 

Diff. 

6*0 

S’9 6 c. c. 

5*58 c.c. 

0*38 

6.6 

5 *M 

4*70 

o *44 

70 

4-64 

4‘io 

o*54 

7‘6 

3’80 

315 

0*65 

80 

3'2 5 

2*56 

0*69 

8-5 

262 

1 92 

070 

9*o 

220 

i *54 

0*66 


It will be noticed from the data recorded in the Tables VI and VII that 
the enzyme contained in the venoms of both the snakes can hydrolyse Witte's 
peptone and that its optimum activity lies between p a 8*2 and p* S'4. 


Effect of Temperature on the Activity of the Protease in Snake-venom. 

A rise in temperature affects enzyme reactions in two ways, viz., 
(i) it increases the velocity of reaction, and (it) it begins to destroy the 
enzyme at higher temperatures. As a result of these two opposing factors 
acting simultaneously, the velocity of an enzyme reaction will at first 
increase, reach a maximum and then decrease as the temperature is raised. 
Investigations were made to determine the temperature at which the 
velocity of hydrolysis, caused by the proteolytic enzymes present in 
the venoms of cobra, Russell's viper and Echis carinata is the maximum. 
The experimental procedure was the same as described already. 'The data 
obtained at p B 7’6 are plotted in Fig. 1. The substrate used in these 
experiments was casein. The results obtained by using 1 mg. of Merck's 
trypsin are also recorded below for the purpose of comparison. The 
amount of venom used per 20 c.c. of the substrate solution was 60 mg. 
for cobra and Russell's viper and 10 mg. for Echis carinata . 
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Tabus Vin. 

Incubation period—6 hrs. 


_ , 0 04I4N-KOH reqd. to titrate 5 c.c. of the soln. 

Source of --- 


enzyme taken. p E . 

Control. 

37 *- 

40 °. 

50 *. 

6o\ 

70*. 

Cobra venom 6*6 

3 * 7 ^ c.c. 

4*24 c.c. 

4 32 c.c. 

4*49 c.c. 

4*34 c.c. 

3*92 c.c. 

7-6 

270 

3*32 

3*40 

3*65 

3‘42 

2 98 

8*6 

1*56 

i *93 

1-98 

2*11 

2*01 

i *74 

Russell *s viper venom 6-6 

3^2 

4*22 

4-30 

4*55 

4*32 

3-86 

7-6 

2*64 

3*29 

3 * 3 S 

3*65 

3*40 

296 

8*6 

i *55 

1*92 

2*00 

2-27 

2*03 

2*75 

Echis carinata venom 6*6 

3*54 

4 08 

4*7 

442 

4*19 

3 - 7 * 

7-6 

2*55 

3*25 

3*35 

3*63 

3 * 3 ? 

2*90 

8-6 

i *47 

i*8o 

3-88 

2*15 

i* 9 i 

1*65 

Trypsin 6-6 

3 ‘S 1 

4-16 

4*29 

4*63 

4*25 

3 ‘81 

7-6 

2-50 

3-36 

3*50 

3 * 9 i 

3*55 

2*92 

8*6 

1-42 

2-03 

2*16 

2*46 

2*10 

2*66 


It will be noticed from Fig. 1 and from the data recorded in 
Table VIII that the maximum activity of the protease present in the 
venoms of cobra, Russell’s viper and Echis carinata is in the neighbourhood 
of 50°. This is also the temperature at which the rate of hydrolysis of 
casein by trypsin (Merck’s) is the maximum. 

Fig- 1. 



Curves 1-4 refer respectively to trypsin, Echis carinata, Russell's vipei and cobra. 
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The Effect of Poisonous Chemicals on the Activity of 
the Protease in Snake-venom. 

It is a known fact that poisonous substances like KCN influence the 
activity of the proteolytic enzymes favourably or unfavourably, depending 
on the nature of the enzyme. Experiments were, therefore, carried out 
to determine the effect of compounds like KCN, HgClg and H2S on the 
activity of the proteolytic enzymes present in the venoms of cobra, 
Russell's viper, and Echis carinata. The results obtained at p E 7*6 only, 
are recorded ; the inhibition observed at p H 6*6 and at 8*6 being of the 
same order of magnitude as at p B 7' 6. 

Table IX. 

Effect of Potassium Cyanide. 

Incubation period-16 hrs. p h of the substrate - 7*6. 


0 0448 N-EtOH-KOH ~qd 
to titrate 5 c.c. of soln. 



(I) 

(II) 

(III) 

(TV) 

(V) 

Venom used 

Venom 

only. 

Venom + 
KCN 

(0-00036]!/). 

Venom + 
KCN 

(0-00072 M». 

Inhibit 
Diff. bet. 

i&n. 

i 0 n 

Diff. bet. 

i&m. 

Cobra 

3*09 c.c. 

3‘o 7 c.c. 

281 c.c. 

0*02 C.C. 

0 28 c.c. 

Rnsseirs viper 

3'06 

306 

2-81 

0*00 

025 

Echis carinatus 

2*91 

^•89 

2*66 

0*02 

0*25 

Trypsin 

3‘io 

3’12 

2*81 

0*02 

0*29 


Table X. 

Effect of Hydrogen Sulphide . 


BtOH-KOH (0 0493 X) reejd. to titrafe 5 c.c. of soln. 



(I) 

(II) 

(Til) 

(IV) 

(V) 

Venom used. 

Venom 

Venom * 

Venom + 

Inhibition 


only. 

HjS (0-00018 Af). 

H|S (0*00054 M). 

Diff. bet. 
I&IT. 

Diff. bet. 
i& m. 

Cobra 

2*92 c.c. 

2*90 C.c. 

2*54 c.c. 

0*02 C.C. 

0*38 c.c. 

Russell's viper 

277 

2-76 

2*47 

0*01 

0*30 

Echis carinatus 

a*6s 

2*65 

3*37 

0*00 

0*28 

Trypsin 

rS 4 

283 

2*46 

0*01 

9-38.1 
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Table XI. 

Effect of Mercuric Chloride. 

EtOH-KOH (o - o407 .V) reqd. to titrate 5 e.o, of soil). 

(I) (II) HID , 1 V) (V) 

Venom uaed. Venom Venom + Venom + I n h i I) i t i o 11 

only. HgClj (0 00065.V). HgClj (o ooijAf I. I)iff. bet. Diff. bet. 

I A II. I A m. 


Cobra 

3*42 c.c. 

3*4* c.c. 

3*19 c.c. 

0*01 c.c 

0-23 c.c. 

Russell’s viper 

3*39 

3 * 3 « 

3*20 

0*01 

0*19 

Echis carinatus 

3-20 

3*19 

3*04 

0*01 

o-lfl 

Trypsin 

3 * 4 * 

3*40 

3*21 

0‘0l 

0*20 


It will be seen from the above data that the three compounds KCN, 
HgClj and H..,S inhibit the activity of the protease present in the venoms of 
the snakes mentioned already. These poisonous compounds at the con¬ 
centrations at which they have been used also inhibit the action of trypsfu. 

Summary. 

1. Using casein as substrate, the optimum activity of the protease in 
the venoms of Echis carinata and Krait is in the neigbourhood of p„ 
7‘o. When gelatin or egg-albumin is used instead of casein, the optimum 
activity of the protease lies between pa 8 0 — pa 8-2. 

2. The venoms of Krait and Echis carinata can hydrolyse peptone and 
the optimum activity of the enzyme lies between p» 8'2—8'4. 

3. The maximum rate of hydrolysis of casein by trypsin and by the 
protease present in the venoms of cobra, Russell’s viper and Echis carinata 
occurs in the neighbourhood of 5° • 

4. Compounds like KCN, HgCl* and H 2 S inhibit the activity of 
trypsin and of the protease present in the venoms of cobra, Russell’s viper 
and Echis carinata. 

Our best than Its are due to the Director of the Central Research Insti¬ 
tute, Kasauli for his kind gift of the Krait venom and to the authorities of 
the Bengal Immunity for a research grant. 

Applied Chemistry Laboratory, Received Auguit 14,1957. 

UmviRSitY Collage of Science and 

Tichnology, Calcutta. 



A NOTE ON THE TWO DIFFERENT 
MODIFICATIONS OF COBALT QUINALDINATE. 

By Nihar Kumar Dutt. 


Quinaldinic acid lias been introduced by Ray and Bose (Z. anal Chem , 
1933, 98 , 400) as a reagent for the estimation of Cu, Zn, Cd and U, and 
for their separation from various other elements and radicals. The authors 
have also described Hoc . cit.) a number of metallic salts of the acid, and 
the occurrence of two different modifications of the ferrous quinaldinate 
(cis -[and trans - form) has been accounted for. It has now been observed 
that the cobalt quinaldinate also exists in two different modifications—one 
cream-coloured and the other rose-red. Though they differ only in the 
water of hydration, the red variety being anhydrous, it was found interesting 
to study their mode of formation, conditions of mutual transformation and 
their characteristic properties. 


Mode of Formation. 

1. When a neutral solution of any cobalt salt is added to a neutral 
solution of sodium quinaldinate in the cold, a cream-coloured precipitate is 
formed ; on boiling, the precipitate becomes granular. 

2. When the cobalt salt solution is acidified with a drop or two of 
acetic acid and then treated with sodium quinaldinate solution in the cold, 
the cream-coloured precipitate is formed as befoie ; but on keeping the 
mixture on the water-bath for some time, the precipitate changes into the 
rose-red crystalline variety. 

3. When a slightly acidified (with acetic acidj hot cobalt salt solution 
is mixed with a hot solution of sodium quinaldinate, the rose-red precipitate 
is formed at once. 

These facts show* that the presence of H 4 ion coupled with rise of 
temperature (80-90°) favours the formation of the red variety or the 
transformation of the cream-coloured product into the latter. 

The cream-coloured variety was, however, found to be stable in the dry 
state even up to a temperature of 160°, above which it lost its water and 
changed into the red modification. 

Magnetically both the substances were paramagnetic, the red variety 
giving a somewhat smaller susceptibility value. 
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Coboll Quinaldinate (cream ).—The cream-coloured variety was 
prepared in tlie cold as described under 2. The precipitate was washed 
with cold water and dried in vacuo over concentrated H a SO« to a cons¬ 
tant weight. [Found : N, 6’20 ; Co, 1347, Co (CioHeNO,)*. 2H 9 0 
requires, N, 6'25; Co, 13 46 per cent]. 

Cobalt Quinaldinate (red ).—The red anhydrous variety was obtained as 
described under 3. This was washed with hot water and dried as in the 
previous case. [Found: N, 6 go ; Co, 1460, i4 - 5o. Co <Ci 0 H 6 NO s ) t 
requires N, 6 95 ; Co, 14 61 per cent |. 


Magnetic Susceptibility. 

At 33 '. X m » lo*. Xu x io«. . 

Cream salt ... 20*19 8863*4 22 82 

Red salt ... 19 21 774163 2127 

The measurements were made in a Cuiie’s balance. P we ., for Co-atom 
either as free Co + * ion or in complex cobaltous salts (imperfect or associated 
complexes) has been found to vary between 22—26. 

Both the cream and red cobalt quinaldinates are evidently co-ordination 
compounds of the imperfect or associated type. The co-ordination number 
for the central cobalt atom in the cream-coloured hydrated compound is six, 
whereas in the rose-red variety it is four only. It may be further assumed 
from a consideration of the colour of the salts that the two water molecules 
in the hydrated cream-coloured modification occupy irans- positions. These 
molecules of water cannot be removed below 160° and, therefore, form 
actually a part of the co-ordination complex. 


0 »C—(X HgO yO —C»0 
C >CoC C 

O n /i Xn O 

o H>0 <_> 

Cobalt quinaldinate ... cream. 

My greatful thanks are due to Mr. P. Ray for his kindly suggesting this 
piece of work to me. 


Chemical Laboratory, 
University College of Science, 
Calcutta. 


Received July 17, 1937. 





PHOTOCHEMICAL REACTION WITH SOME INORGANIC 
COLLOIDS AS ACTIVE AGENTS UNDER THE INFLUENCE 
OF LIGHT IN VARIOUS STATES OF POLARISATION. 
PART VIII. ON THE INTERNAL FILTER ACTION OF 
REDUCED TUNGSTIC ACID AND MOLYBDIC ACID SOLS. 

iiY Tarapada Banbrjke and J. C. Ghosh. 

In the previous papers (Parts II, III, IV and V of this series, this 
Journal, September issue, Vol. XIV) it has been shown that the photo¬ 
reduction of sols of tungstic acid and molybdic acid by ultraviolet light of 
wave-length 366/x/x with glucose, laevulose, etc. as reductants has the 
following characteristic features :— 

(1) The velocity of reaction which was followed up to 30% reduction of 
the photo-active sol, is proportional to the intensity of light absorbed by 
the reaction mixture, the quantum efficiency being of the order of 0*5 — i'o. 

(2) That with excess of reductant, the reaction follows the zero- 
molecular law, i.c ., equal amount of sol is reduced in equal time independent 
of the ratio of the oxidised and reduced forms of the sol in the system. 

It is necessary to mention that these results are obtained only when 
sufficient precaution has been taken to exclude oxygen from the reaction 
mixture; otherwise the reduced sol gets re-oxidised by molecular oxygen 
and erratic velocity constants (sometimes of a unimolecular type) are 
obtained. 

Normally it is to be expected that in such simple systems, the velocity 
of reaction should be proportional to the light absorbed by the photo-active 
sol in the higher state of valency, the fraction of the light absorbed by the 
reduced form of the sol going to waste merely as heat. If the extinction 
coefficient of the reduced form is of the same order as the original sol, the 
light absorbed by the photo-active sol will continually become less and less 
during the progress of the reaction. As a matter of fact, the extinction 
coefficient of the reduced sol has been found to be much higher than that 
of the original unreduced sol. A zero-molecular velocity constant is, 
therefore, contrary to expectation and the problem neceasiated a thorough 
investigation. 

As a probable explanation, it was thought that though the reaction 
mixture did not indicate any turbidity in visible light, the scattering 
coefficient of the sol for the active ultraviolet radiation may be considerable, 
and perhaps much larger than that of the reduced sol. With progress in 
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reaction> the loss due to scattering may be less and compensate for the 
continuously diminishing light absorption by the active sol. The following 
experiment (vide Fig. i) was carried out to test this possibility. 

Experimental. 

Light from the source S, a point-o lite mercury lamp, is rendered 
parallel by the lens L, passes through the quartz cell containing 2% CuS 0 4 
solution in water and through the ultraviolet filter (glass filter No. G 312, 
vide Technological papers of the Bureau of Standards, No. 148) and falls 
at an angle of 45 0 upon the quartz cell containing the solution whose 
scattering power is to be measured- The reflected light is received by the 
Moll thermopile connected with a very sensitive Moll galvanometer. It 
was found that the total amount of light scattered by the quartz surface 
and the solution is about 3% of the total incident light. If the light falls 
normally upon C (Fig. 1), it will be still less. When reduced sol was taken 
in C, the amount of light scattered was even somewhat less than 3% . Any 
explanation of our experimental observation as due to variation in the 
scattering coefficient, is therefore, impossible. 

Fig. 1. 



The phenomenon of two dimensional mobility discovered by Volmer 
(Summary given m Trans. Faraday Soc. t 1932, 28 , 359) gave a clue 
to the proper understanding of the problem. The surface of micelles of 
tungstic acid sol is initially covered with W 0 3 molecules. When such 
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molecules absorb radiation, they get activated. The unactivated adsorbed 
molecules are mostly bound to the fixed atoms of the underlying material 
and can only oscillate around their equilibrium positions. When it absorbs 
a quantum of radiation, its amplitude of oscillation increases; and if a 
sufficient part of the radiant energy absorbed is transformed into kinetic 
energy, the particles will have considerable surface mobility. Under 
such conditions it does not matter whether light quantum is absorbed by a 
tungstic acid molecule or a reduced tungstic acid molecule on the micelle 
surface. For the activated reduced molecule will give its energy of 
activation by surface collision to a tungstic acid molecule which in its 
turn will get reduced by leaction with the reductant. 

The critical test of such a hypothesis is possible. If for example, 
it is possible by suitable experimental methods, to bring every molecule of 
tungstic acid in a micelle to a lower state of valency, then the light 
absorbed by such a completely reduced micelle will not be available for 
photochemical reaction In our photochemical investigation, the micelles 
of the active sol were not reduced to more than 30% in course of 10 hours; 
but the complete reduction of a micelle of tungstic acid or molybdic acid 
can be easily effected either by exposure to sunlight in presence of excess 
of reductant or by cathodic discharge of hydrogen ions. If such completely 
reduced sol is now mixed with a reacting system consisting of tungstic 
acid sol and reductant, taking great care that in the process of mixing, 

Fi<;. 2. 



the completely reduced micelles do not get any chance of being partially 
oxidised by oxygen gas, we would expect that the part of the light 
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radiations absorbed by the completely reduced micelles will not be 
available for photoreduction. This has been observed to be the case 
and a direct proof of the two dimensional mobility of molecules of 
tungstic acid and molybdic acid on micelle surfaces has thus been 
obtained. 

In Fig. 2 is described the experimental arrangement for the complete 
cathodic reduction of a sol of tungstic acid, its anaerobic mixing with 
original sol and reductant and transference of the mixture to the quartz 
reaction vessel L which is provided with a long neck and a ground glass 
joint K with a stop-cock I below the joint. 

The flask F contains the tungstic acid sol and had five connections with 
ground glass joints and water-seals. 

(i) Through a three-way stop-cock to vacuum pump, reaction cell and 
hydrogen generator. 

(ii) To Hs gas outlet tube. 

(Hi) To Pt electrode. 

(iv) To a separating funnel containing a mixture of tungstic acid sol 
and reductant closed at the top with a rubber stopper holding internally 
sealed glass tubes for inlet and outlet of hydrogen. 

(r) To an agar bridge tube connecting the anode-chamber. 

The eiectrolytic reduction was carried out on a platinum cathode, 
purified hydrogen gas from a Kipp's apparatus bubbling vigorously through 
the solution during the electrolysis. When the reduction was completed 
and the solution cooled to room temperature, the reaction mixture from the 
separating funnel is poured down under the pressure of H 2 gas above, and 
thoroughly, agitated by the H 2 gas bubbling in F. The mixture was trans¬ 
ferred to the reaction vessel with the aid of pump, stop-cock I closed and the 
vessel taken out from the system by disconnecting the joint at K. 

An arrangement similar to the above was also used for complete 
reduction of the sols in sunlight and subsequent mixing with a definite 
volume of a mixture of the original sol and reductant and transference to 
the reaction vessel. 

In determining the extinction coefficient, the reduced sol was diluted to 
the required concentration with air-free redistilled water from the separating 
funnel. 
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Measurements of Extinction Coefficient. 
Table I 



d (thickness of the cell) 

= 0 5 cm. 

A = 366/1/1. 


Substance whose extinc¬ 
tion coeff is to be 
measured. 

Cone, of 
the substance 
used (o 

Transmission of radiation 
in ergs/cm*/ sec. through 

water in noln. in 

the cell. the cell. 

</o) (/d) 

Ext. coeft. 
2-3 logj" 
c'. d 

1. 

Tungstic acid sol 

0*05 M 

1070 

66*7 

111 

2. 

Completely re¬ 

duced tungstic 
acid sol 

0*005 

1070 

30*3 

400 

3- 

Molybdic acid sol 

0-05 

1373 

475-5 

43 

4* 

Do 

0-05 

884*5 

297-0 

45 

5- 

Completely re¬ 

reduced niolyb- 
dic acid sol 

0*00268 

1373 

191-5 

1450 

6* 

Do 

0*000667 

1373 

812*0 

1550 


Table II. 

tt'ith tungstic acid sol . 


G1ucosc = 2'5%- pn = i' 24. Temp.=29‘s°. /ah. (Intensity of incident 

radiation in ergs per cm 2 per sec.) = 1970. d= 0.5 ctn. 


0 11 c 111 1 r a t i 0 n of sol 

Total 

Kq x lO 10 

by un¬ 

• K q x 1010 

unreduced. 

completely 

reduced. 

/abe • 

(obs.). 

reduced sol 
. only. 

(Calc.). 

oo$M 

0 

991 

3'49 

991 

... 

00475 

00025M 

1017 

308 

862 

300 

0*045 

0*005 

IO36 

2*67 

743 

2*58 


* (Calculated taking into account that 7at» by the unreduced sol only is effective.) 
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Table III. 

With molybdic acid sol- 


Glucose *= 

2*5% • Temp. = 

29 ’ 5 °- 

£h = 1 * 73 - 

LlU = 1373 - 

d=o’5 cm. 

Concentration of sol 
completely 

unreduced. reduced. 

Total 
Lb*. 

Kq x IO 10 
(obs.). 

/»b. by on- 
reduced sol 
only. 

IO 10 

(Calc.). 

o'o$M 

0 

927 

2*11 

927 

... 

0*048 

Q’002M 

1261 

1*30 

539 

1‘23 

0*046 

0 004 

1346 

0*83 

343 

0*78 

0*044 

0*006 

1373 

0*56 

251 

0*57 


We thus see when sol. where the micelles have been completely reduced, 
is added to the reaction mixture at the beginning of photochemical reaction, 
the concordance between the calculated and observed values of the velocity 
constants is only obtained on the assumption that cathodically reduced sol 
behaves like a pure internal filter. 

In our studies of the photochemical reduction of these sols which have 
been described in the previous papers, the concentration of the reduced sol 
at the end of the experiment was often greater than 10% of the original sol 
concentration. Hence if this internal light filter action were operative, 
the instantaneous velocities of reaction would have diminished continuously 
until at the end this velocity would have been £ and ? { rd. of that at the 
beginning. But in these reactions, the zero molecular equation was 
l>erfectly obeyed during the entire course of the reaction. Hence the 
explanation holds that sq long as unreduced molecules remain in the 
micelle of a sol, the light quantum at>sorl>ed by that micelle is photo-active 
independently of whether it is absorbed by a molecule of tungstic acid and 
molybdic acid or their reduced derivatives. 

Chemical Laboratory, 

Dacca University, 

Ramna, Dacca. 

Received July 20,1936. 



PHOTOCHEMICAL REACTION WITH SOME INORGANIC 

COLLOIDS AS ACTIVE AGENTS UNDER THE INFLUENCE 

OF LIGHT IN VARIOUS STATES OF POLARISATION. 

PART IX. THE PHOTOCHEMICAL OXIDATION OF 

ALCOHOL AND GLUCOSE BY IODINE IN ACID MEDIUM 

WITH TUNGSTIC ACID SOL AS PHOTOSENSITISER. 

By J. C. Ghosh, T. Banbrjee, S. K. Nandy and N. Goha. 

In previous papers, the kinetics of photochemical reduction of some 
sensitive colloidal solutions have been described. In the piesent paper are 
described the results obtained with the same colloidal solutions acting as 
photosensitisers of oxidation-reduction processes. 

The mechanism of reaction is complicated by the fact that the incident 
radiation is absorbed not only by the photosensitising colloid, but also by 
the oxidant molecules. These lattei, however, have been found to be* 
incapable of effecting oxidation when illuminated alone in the presence of 
reduetant. It is to be* concluded, therefore, that only that part of the 
radiation, which is absorbed by the photosensitive colloidal material, is 
effective in bringing about the chemical transformation which we have 
observed. 

The fraction of the total light absorbed by the sensitising colloid has 
been calculated by the approximate formula for the extinction of light by 
mixtures which is expressed by the equation 

by A = ( , - ,-**.-*« V , |C ;£ 8( - 8 ... (A) 


The above equation gives the amount of light absorbed by A when 
mixed with B, the extinction coefficients and concentrations of A and B 
being, «i, Cj and * 2 i C 2 respectively. 

The influence of the nature of polarisation of the exciting radiations on 
the photosensitised oxidations was also studied. 

This paper embodies our observations on the photo-oxidation of alcohol 
and glucose by iodine in acid medium using tungstic acid sol as photo- 
sensitiser. 
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Experimental. 

The experimental arrangement and procedure were exactly the 9ame 
as in the previous papers Care was taken to prevent the escape of 
iodine by volatilisation during the expeiiment by using a well stoppered 
reaction vessel. The pipetting of reaction mixture was done as quickly as 
possible. The blank experiments recorded no loss of iodine during this 
operation. Iodine was estimated by titration as usual with thiosulphate. * 
There was no reaction when a mixture of iodine solution, hydrochloric 
acid and a reductant was exposed to ultraviolet rays (366 /ift and 333 fifi). 
Also a mixture of iodine solution, tungstic acid sol and a reductant does 
not react when kept in the dark for 10 hours The reactions had no 
induction period except in the case when glucose was used as reductant. 
doc 

K 0 = in the following tables has been expressed as no. of g. 
at 

mols. transformed per c.c. per sec. 

Effect of Varying the Concentration of Iodine. 

, Table 1(a). 

Alcohol =* 4 ‘35M. HC 1 = o*o63N. Sodium tungstate = 0*02 iM. 
Temp. = 33°. Lb* (Intensity of radiation absorbed by the reaction mixture 
in ergs per sq- cm. per sec.) = 1500. d (thickness of the reaction cell) = i cm. 
y = Quantum efficiency. Mol. ext. coeff. for sodium = 650. Mol ext. 
coeff. for tungstic acid sol =556 (vide infra Table V). 


Cone, of I|. 

/• b« by tung¬ 
stic add sol. 

Kq X IO» 

7. 1 

KJ b. (by tungstic acid 

sol). 

0*02 l8N 

677 

364 

168 7*24 xio« 

00052 

1163 

3-54 

i*oo 9*60 xxo 1 * 

0*0017 

1370 

3 00 

0*74 12*33 * io 1 * 



Table 1 (b). 

Glucose 

«o‘o5Af. HC 1 

= 0072 N. 

Temp = 32°. Sodium tungstate 

»o'025Af. 

h\m -2700. d® 

1 cm. 


Cone- of I*. 

/«b« by tung¬ 
stic add sol. 

A’e * io 10 . 

K.i -/Uki (by tungstic 
add sol). 

o*o46N 

«57 

4*47 

1*70 6*55 xio 1 * 

0.023 

2301 

3-89 

0*98 9*26 x io 1 * 

0*029 

1430 

3*74 

0*86 10*12 X JO 1 * 

0-012 

1730 

3*37 

0*64 12*35 * 



K/ v7*bs (by tungstic 
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Fig. i. Fig. a. 




It is evident from Fig. i. that i/Ciotm. plotted against „ . —“ (by 

A.O/visb* 

tungstic acid sol) gives us approximately a straight line. 

Effect of Varying the Concentration of Reductant . 


Tabi<k II. 
d=i cm. 

Concentration of 


hu. 

Temp. 


reductant. 

HCl. 

tungstate. 

JC| x xo*t. 




(a) Alcohol. 




1500 

33* 

o'aojiN 

4-35M 

o-o&ijN 

oPonM 

354 

•I 

M 

II 

3S5 

II 

11 

3*7 

if 

>1 

II 

3*38 

II 

11 

3*ox 

*» 

II 

II 

3 -x 

>1 

• 

3*36 




(b) Glucose* 




2700 

3a* 

•043M 

0*05 

0*073 

0*035 

4*47 


it 

II 

0*025 

II 

II 

3 5* 

99 

- M 

II 

0*0125 

II 

•1 

3*68 


By plotting $JK against i/C* we get a stiaight line (vide Pig. a). 

3 
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Effect of Varying the Concentration of Acid . 


-Ui 

. 



Table III. 

Concentration 

0 f 


r»b«. 

Temp. 

i»- 

reductant. 

(0) Alcohol. 

HC 1 . 

tungstate. 

K 0 *xoW. 

1JOO 

33 * 

o-oojaN 

4 ‘ 3 SM 

0*125# 

0*021 M 

a*6o 

If 

II 

It 

II 

0*0625 

II 

3‘54 

»> 

l» 

II 

II 

(b) Glucose. 

0042 

II 

4*o6 

3700 

3 a* 

0*043 

0*05 

0*072 

0*025 

4*47 

fl 

ii 

ll 

11 

0*046 

II 

5 * 4 * 

M 

i« 

If 

11 

0*024 

II 

3 # «4 

H 

•• 

11 

11 

0*018 

II 

3*47 

The p u of the reacting system at which 
Table III was found to be 2'x. 

the velocity was 

maximum in 


Effect of Varying the Intensity of Radiation Absorbed . 


Table IV. 
d™i cm. 

Concentration of 


labs. 

Temp* 

ii 

reductant HC 1 . 

(fl) Alcohol. 

tungstate. 

#o* J° 1# * 

830 

33 * 

o-oojaN 

4*35M 0*0625# 

o*oazM 

a‘54 

1500 

II 

If 

11 11 

(b) Glucose. 

ii 

3*54 

2540 

. 3 ** 

0*043 

0*05 0*072 

0*025 

3*21 

9700 

•• 

• l 

Si fl 

»i 

4*47 


Velocity constant varies as the square root of the intensity of radiation 
absorbed. 

Extinction Coefficient .—Extinction coefficient was determined with the 
help of a Moll thermopile and a Moll galvanometer. 


Substance used. 


Mol extinction coefficient. 


Iodine 

Tungstic odd sol 


Table V. 


650 

Jf* 
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Quantum Efficiency of the Reaction. 

Quantum efficiency ( y ) of the reactions is given in Table I. 

One typical example is given below. 

In Table I (a), the intensity of absorbed radiation per sq. cm. per 
sec. =1500 


_1 500 x 366 x 10“^_ 

(6*55 x io“* 7 ) x (3 x io To ) x (6*1 x io 83 ) 


=4*58 x 10" 10 Einstein. 

Of this absorbed radiation, the part absorbed by tungstic acid sol which alone 
is responsible for these photo oxidations 


—4*58 x io~ 10 x 


556 x 0^21 


556 x 0*021 +o’02I X650 


from eqn. 


(1) 


=2*15 xio -10 Einstein. 


( € tungaticacid aol — 55 ^ ’» e iodme — 650, Vide Table V). 

The zero-molecular velocity constant K 0 (expressed in terms of no. of 
g. mols. transformed in i sec. in i c. c.) = 3'74 x io~ 10 ; d = i cm. 


y = 


3 74 X io 10 
2*15 X 10 10 


= 1*74 


Effect of Varying the Temperature . 
Tabi.k VI. 


(a) With 
Tungstate « 1 
HCI-0625N. 

alcohol : Alcohol *4 '35 M. 
o'oziM. Iodine = 0*0052//. 

/aba. -1500 

(£>) With Glucose : (ilucosi <105 M 
Tungstate *0 0253/. Iodine •* 0*0433*. 
HC 1 = 0*072//. /aba -27(H). 

Temp. 

K . 

Temp, coeff. 

Temp. 

K . 

Temp, coeff. 



*T + 10/ K 1 




a 8 * 

2*76 

... 

32 * 

4*47 

- 

3 s* 

3*5 

1*64 

39 * 

5*79 

i*8o 

3«• 

454 


4 »* 

8*04 

... 

(C*lc.) 



<C*k.) 
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Temperature coefficient is rather high being of the order of 1*6 and 
i*8, when the reductants used are alcohol and glucose respectively. 

Comparison of the Effect of Various States of Polarisation of Light 
on the Velocity of Reaction. 

Table VII. 


Iodine= o‘oo 52N. Tungstate= 
d=i cm. Temp-=33®. 

■■o'osiM. Alcohol=4'35 N- HCl=o‘o6z5N 

State of polarisation. 

Jab*. 

>5 

X 

1 

J-Circularly polarised light 

310 ergs/cm.l/sec. 136 

d-Circularly polarised light 

3 io 

x '°5 

Table VIII. 


Tungstate*o’o25M. Iodine*o*043N. HC 1 
Temp. = 32°. d = 05 cm. 

= o*o72A 7 . Glucose = 0*052^. 

Nature of light used. 

'. b .- 

K 0 x 10*0. 

Unpolarised 

2700 

4’47 

1-Circularly polarised 

570 

2*05 

d-Circularly polarised 

... 570 

i *74 

i-Circularly polarised •« 

... 360 

1*63 

d-Circularly polarised ... 

360 

i *37 

From Tables VII and VIII, 

it is evident 

that Vi > Vv , the terms 


having Their usual significance. 

The reaction has the following characteristics. 

(1) The velocity is proportional to the square root of the intensity 

of radiation absorbed. 

(2) The inverse of velocity plotted against the inverse of concen¬ 

tration of reductant is a straight line. 

(3) Temperature coefficient of the reactions is of the order 

of 1*8. 

(4) The velocity of reaction for the same intensity of absorbed 

radiation is larger for /-circularly polarised light than for 
d-circularly polarised light* 
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Thesecharacteristics of the reaction can be explained on the assumption 
that the radiation absorbed by the particles of tungstic acid sol is commu- 
nicated to the mols of iodine adsorbed on their surface which thereby get 
dissociated into iodine atoms. 

The mechanism of subsequent reactions is similar to that postulated 
by Ghosh and Purkayastha for photobromination of lactic acid (J. Indian 
Chem. Soc. t 1929, 6, 375, 383). 

1 2 (adsorbed on the surface of tungstic acid micelles) + hv (absorbed by 


tungstic acid sol micelles) —> 2I ... ( i ) 

2 I-*I 3 ... ... ... ... ... (h) 

I + 1 2 (adsorbed on the surface of tungstic acid micelles) —► I 3 ... (Hi) 

Is ~> I2 + I ... ••• ••• — ••• (tv) 

I 3 + Reductant (adsorbed on the surface of micelles) —► 

oxidised product + 2 HI + I ... ... (v) 

for reaction (v) is given by the equation 



labs (by tungstic acid sol 

Nhv 


-j 

'-K t c k +k 3 -> 



where c[ ! = surface cone, of the iodine molecules 

C\ = „ „ „ reductant „ 

Assuming that the surface concentration of 1 9 is also given by Langmuir’s 
equation 


K" + K" c[' 
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where C»* *■ the bulk cone, of iodine molecules. The final equation for 
the velocity becomes 



x 



Hence in presence of excess of reductant, 

plotted against i/Cu*in# 

should give us a straight line 


Vk, 


I ab» (bytong atic acid io !) 

Nhv 



l.f., / »b* (by tungatic add to!) 


plotted against i/Ci.dme 


should give us a straight line, the other terms being constant. This has 
been experimentally realised (vide Tables IA, IB and Fig. i). 

The velocity also varies as the square root of light absorbed by the 
tungstic acid sol and the reciprocal of the velocity plotted against the 
reciprocal of the concentration of the reductant under otherwise identical 
conditions gives a straight line. 

Chkmical Laboratory, 

Dacca Univirsity, Received July 20. iq% 6 . 

Ramna, Dacca. 



PHOTOCHEMICAL REACTION WITH SOME INORGANIC 
COLLOIDS AS ACTIVE AGENTS UNDER THE INFLU¬ 
ENCE OF LIGHT IN VARIOUS STATES oF POLARI- 
SATION. PART X. ON THE PHOTOCHEMICAL OXIDA¬ 
TION OF GLUCOSE BY POTASSIUM INDIGO TETRA- 
SULPHONATE WITH TUNGSTIC ACID SOL AS PHOTO¬ 
CATALYST. 

By J. C. Ghosh, T. Bankrjeb and S. K. Bhattacharjbe. 

Experimental arrangement was the same as in Part I of this series. 
Pure potassium indigo-tetrasulphonate (supplied by British Drug House) 
was used in this investigation. 

Spectrophotoraetric method was adopted for the estimation of 
potassium indigo-sulphonate at any moment. The green region of the 
spectrum (525 n/i) was chosen for this purpose, the leuco-dfe having no 
extinction at this region. By plotting the ordinary spectrophotometric 
term log tan 6 a - log tan (6 1 being obtained with water only) against 
concentration of the dye, a straight line was obtained. From this curve 
(Fig. 1), the concentration of potassium indigo-tetrasulphonate at any 
moment was calculated from the spectrophotometer reading at that 
moment. 


Fig. X. 



Cone, of Z-tndIgo-tttrasuiphonatt. 
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Table I. 

Spectrophoto-mefer readings. 


K-indigo-tetra- 

snlphonate. 

(with soln. in the 
cell «|). 

(with water in the 
cell 9 X ). 

LogJHLjp 
^ tan#, 

8o'o x io~*M 

70* *o 

45-5 

0*4314 

66' 0 x 10 ** 1 

67**2 

1, 

o'3689 

50*0 * io~* 

63*0 

II 

0*2853 

40*0 « xo“* 

59**5 

If 

0*2224 

25*0 x 10”* 

55 *o 

II 

o**473 

20*0 x I0“» 

54*5 

II 

0*2392 


The cell containing the reaction mixture was made absolutely air¬ 
tight as leuco-indigo is easily oxidised by air. It was observed that 
potassium indigo-tetrasulphonate does not get reduced when exposed to the 
light of wave length 366 /z/z in presence of either tungstic acid sol or glucose 
separately. No dark reaction was observed when a mixture of glucose, 
potassium indigo-tetrasulphonate, sodium tungstate and hydrochloric acid 
was kept in the dark for more than 12 hours. 

The extinction coefficient for 366 jifx of Jeuc o-indigo-sulphonate is very 
much greater than that of potassium indigo-sulphonate as determined by 
Moll thermopile and galvanometer. This will be evident from Table II. 


Substance taken. 

Pirt .-indigo-tetrasulphonate 
Isaco-lndigo-fetrasulphonate 
Tungstic add sol 


Table n. 


Mol. ext. coeff. at 366 mm- 

M85 to) 

- 37,594 (•*) 

556 to) 


The equation used in this paper is derived thus :— 


— = K' l (fraction of light absorbed by tungstic acid sol) x C 1 

at B 


•i t T ) 


11 m 

+ •* (« — x) — «8* 


x c; 


KI 
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K ' L {•\[fj * («3 - «.) 


x C 


= KI 


A + Bx 


Whefe A - *j T 

H = «3 — ej 

A — A+« a a (a, being the initial concentration of pot.indigo- 
tetrasulplionate). 

R 

and C # ii the surface cone, of reductant on the photoactive micelle. 

The above equation on integration gives 


Ax + 




KI C = 


A t 


where t is reckoned in secs. 


For the same concentration of reductant present in excess, 
Bx 2 


Ax +- 


K'J = 


A t 
Table HI. 


.. (0 


Table IV. 


Effect of varying the concentra - 
Experimental Results . fion of Pot. indigo-tetrasulphonate. 

Tungstate=0*03 Af. Glucose = o’125M. Temp. ®33°, Pb sa y6i. Region 
HC1 =o*o 478N. Indigo-tetrasulphonate -366/xfi. Tungstate = o'o^M. 
=37*6 x 10~ fi M. of the system = 3*6. HCl=o o478M. 

Temp. = 33°. (Intensity of absorbed 

radiation in ergs/cm 2 /sec.>=8230. 


Time. Pot. indigo- * 10 7 K x io 7 Cone, of Cone, of /»!>•• x io 7 (f) 
ShlJmoflSi. [from (Oj (mean), glncose. indigo xio*. 


X. 

0 sec. 

37< 

M x io’ 5 

(a) 0*12sM 

76*9M 

8»3<) 

** 

2. 

600 

30*8 

1*43 (from t St 2) 

»» 

59*o 

99 

*43 

3- 

2560 

30*9 

x*35 (from i & 3) 

1*40 » 

.37.6 

99 

2*40 

4* 

2400 

22-4 

2-40 (from 1&4) 

(b) o-jM 

82*3 

7130 

2*50 





99 

37*4 

»> 

3 *43 


Tf&abotf* table showgttart the equation From Table IV it is evident that 
(t) can be successfully applied to this velocity constant is independent 
pa rti cu lar reaction. of the concentration of indigo- 

tefrasdlpbohafe. 


3 
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Table V. 

Effect of varying the concentration 
of glucose . 

Temp. * 33°. pu = 3*6. Region - 
366>/*/*. d**o‘S cm. Tungstate *o*o3M, 
HC 1 « 0*0478 N. 

Cone, of Cone, ot Uh *. K x io r ( i ) 
Glucose. indigo * 10*. 

(a) 0*5 M 37*4 x io* M 6650 ergs 2*19 

0*25 „ „ i' 5 8 

o-xas „ 110 

0.0635 if t, 070 

(b) o*5Af 72*0 * xo* M 3973 1*46 

0*25 „ m 0-98 

o*xas .# »• 0*702 

i /K plotted against i/C gives 
a straight line. (Fig. 2). 


Tabus VI* 

Effect of varying the concentration 
of HC 1 . 

Temp.*33°./ab» = 7130- Tungstate 
= 0*03M. Glucose = o‘i25M. Dye = 
82*3 x 10~ 5 Af. 


Cone, of HC 1 . 

P H • 

K x io 7 ( i ) 

0*04 ? 8 M 

3*61 

1*18 

0*061 

2-0 

5*52 

0-093 

I *57 

3*97 


The velocity passes through a max¬ 
imum at pm =2. 


Temperature Coefficient of the Reaction •—The temperature coefficient 
is of the order of unity. 


Table VII. 

Effect of Varying the Intensity of Radiation absorbed . 

-Temp.==33°. p m =3*61. Region— 366/1/*. Tungstate* o-o^M. 
HCl»o*0478Af. 


(«) (b) (c) 


/•b*. 

3973 

2320 

8230 

3973 

8230 

6650 

Cone, of glucose (M) 

0-5 

o‘5 

0*125 

0*125 

0x35 

0*125 

Cone, of indigo x xo 1 (M) 76*9 

769 

769 

76*9 

37*o 

37*o 

1C x jo 7 (<). 

1*46 

0-93 

i'43 

0*702 

1-40 

2*20 


The velocity constant, as is evident from the above tablet is proportional 
to the intensity of radiation absorbed. 
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Pig. 2 . 



I tc. 


Quantum Efficiency of the Process . 

Quantum efficiency is much less than unity. 

A typical case (Table IVb) taken from the composition of the reaction 
mixture is given below :— 

Cone, of tungstate =o'o$M. Cone, of HCl^ 0*0478M. 

Cone, of glucose^o's Af. Cone, of dye = 82*3 x io~ 5 Af. 

pm = 3*61. Mean wave-length = 366/A/x. Energy absorbed "7134 ergs, 
per cm 2 /sec. 

The reaction cell is 0*5 cm. thick and 2*7 sq. cm. in area. 

Fraction of light quanta absorbed by tungstic acid sol per sec. 
per unit area 

_ 7134* $ 66 * iq’ 7 x yy F € \ [T] _"| 

6*5><io^ ft7 X3Xio io |_«i[T] + c 9 [indigo] + « 3 fleucodye] J 

= 36-09Xio 14 xo , 58=20 # 9Xio 14 . 

The initial cone, of indigo = 82*3 x 10" 5 M. 

After 31 mins, the cone, became = 50*5 x 
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At that time a —x = 50*5 x 10’ 5 M (cone, of indigo-sulphanate) 
x = 31*8 xjo~? JJf (cone, of leuco-dye) 

The no. of mols. transformed per sec. 

_ o*5 X27X 31*8 x io ~ 8 x6*i x iq 23 
1000X31x60 

« 1*40 xio 14 


^(Quantum efficiency) 


N o. of mols. transformed 
No. of quantum absorbed 


_ 1*4 x iq 1 4 
20*9 x 10 14 


0*067. 


Dependence of the Velocity of Reaction on the State oj 

of Light . 

Table VIII. Table I£. 


Region = 366/^. Tungstate - 0*03A/. 
HC1 =o-o 478N. Glucose= o* 5M. 
K-indigo sulphonate=76*8 x 10“ ,4 N. 
P*=y6 x. 


Nature of light. 

hbt. 

K*xo* 

(D 

Unpolarised 

«J 73 

1-46 

(-Circularly polarised 

1030 

0302 

d-Circnlarly polarised 

1030 

0-197 


Region = 366^. Tungstate = 0*02Af. 
HC 1 = 0-0318N. Temp. = 33 0 . 
Glucose = o-25Af. K-indigo-sulphate 

« 34 * 6 x*o" r 'N. ^=3:83. 


Nature of light. 

/•U. 

' (f) 

Unpqlaris^d 

m 

2*88 

(-Circularly polarised 

990 

*543 

d-Circulrrly polarised 

990 

0*415 


From Tables VIII and IX we find that V t > V D , the terms having thw 
usual significance. 
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Discussion. 


Any mechanism of reaction that may be proposed for this photo¬ 
chemical oxidation should be in a position to explain the following facts: 

(a) The velocity constant is given by the equation 


K7= 


A'x + Bx*l 2 
At 


Ew. — (i) 


( b) The velocity constant increases as the concentration of glucose 
increases. If i/K is plotted against i/C g iucoM , a straight line is obtained. 

(c) The velocity passes through a maximum at p B 2. 

(4) The temperature coefficient of the reaction is unity. 

(e) The velocity constant is proportional to the intensity of radiation 
absorbed. 

( f) Quantum efficiency is very low. 

The sol surface is completely covered with a unimolecular layer of the 
dye molecules even at very low concentration of the dye. It is remarkable 
that the absorption of radiation by the dye molecules directly does not lead 
to their photoreduction by reaction with glucose. But a dye molecule can 
be brought into an activated state by receiving energy from the elementary 
spaces of tungstic acid sol surface which is also excited by the absorption 
of a quantum of radiation. 

The initial velocity of reaction is given by 


dx 

dt 


K 1 C m t 1 


where I is the radiant energy absorbed per sec. by the elementary spaces 
of the tungstic acid sol surface and C\ t the surface concentration of reductant. 

But with the progress of reaction! the leuco -dye is formed and the photo¬ 
sensitive sol surface begins to be covered with the molecules of leucchdys. 
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The fraction of the surface so covered by the leuco -dye becomes useless far 
purpose of photoreduction and hence 


dx 

dt 


KtC) h 


_£lM. 


CT'O + « 9 («—ac)+* s ac 


which on integration gives the equation (i). 

This equation (») has been found to hold good. 

The rate of oxidation of glucose also depends on the surface concentre* 
tion of glucose. 

But since, according to Langmuir’s hypothesis, C* is given by 


K C 0 

- ? * _ where C h is the bulk concentration of glucose in solution. 

K 4 +K & C* 

i/K' plotted against i/C giuoo^ (bulk) should give a straight line which has 
been found to be true. 


Chemical Laboratory, 
Dacca University, 
Ramna. Dacca. 


Received July 20, 1936. 



PHOTOCHEMICAL REACTION WITH SOME INORGANIC 
COLLOIDS AS ACTIVE AGENTS UNDER THE INFLUENCE 
LIGHT IN VARIOUS STATES OF POLARISATION. PART 
XI. THE PHOTOCHEMICAL OXIDATION OF GLUCOSE 
BY METHYLENE BLUE WITH URANIC ACID SOL AS 
PHOTOSENSITISER. 

By J. C. Ghosh, T. Banerjkk and J. C. Bose. 

Uranic acid sol was prepared as described before (vide Part IX, 
P- 581). 

The change in the concentration of methylene blue was followed 
spectrophotometrically. The graph (Fig. 1) was obtained by plotting different 
concentrations of methylene blue in presence of a certain concentration of 
uranic acid (0*021 M) against log tan a-log tan a' [a=angular displacement 
with dye of a particular strength in presence of uranic acid (0*021 M) and 
a'=that with uranic acid (0*021 Af) at ^=525/*/*]. Uranic acid (o*042-*oo2iAf) 
has little absorption at 525^/A. And moreover as the concentration of 
uranic acid was constant during the course of reaction, the presence of 
uranic acid did not affect the estimation of methylene blue by this method. 
When uranic acid was changed, a separate standard graph was obtained for 
each case. 

No reduction was observed when a solution of methylene blue (Merck's 
chemically pure sample) alone was exposed to ultraviolet light (366 fifx). 
There was no reaction when a mixture of uranic acid and methylene blue 
and glucose (Kahlbaum’s pure anhydrous sample) was exposed to ultraviolet 
light. A mixture of glucose, uranic acid and methylene blue does not 
react when kept in the dark for about 14 hours. 

A large induction period was observed in the photochemical reaction. 


Results. 

Effect of Varying the Concentration of Methylene Bine . 
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Tabu I. 

Temp.=32*. Methylene blue= , o‘ooo6i2 M. Glucose=o'o25 M. Uranic 
acid sol=o'o2iJf. *Iab.. = 1180. d (thickness of the reaction cell)=o'5 cm. 


Time. 

Headings of spectro¬ 

Concentration bf 

PC (zero-molecular frith 


photometer 

M.B. 

respect to M.B.). x xo 

r. 0 mins. 

65*0 

0000612M 

1 

3 . 45 

63*0 

0*000549 

1*92 (from 2 and 3). 

3. 60 

58 * 

0*000377 

1*97 (from 3 and 4). 

4 - 75 

52*5 

0*000200 




Mean 1*95 

♦ Uh§ -Intensity of absorbed radiation in ergs/cm*/.sec. [M.B. denotes methylene bine]. 


Similar readings were taken with other concentrations of methylene 
blue and the results arc given below. The zero-molecular velocity constant 
was expressed in terms of no. of g. mols of methylene blue transformed in 
i sec. in a unit cell. 

Ta£U II. 


Glucose=0 

025 M. 

Uranic acid sol = 

0*021 M. 



Methylene blue x io~ 4 (Af) 

7-46 

7‘35 

6*12 

5*75 

4*96 

4*38 

K (zero-mol.) x xo 1 * 

... 198 

2*02 

i*95 

i*88 

2*00 

1*93 

Quantum Efficiency (7) 

097 

1*00 

0*97 

0*94 

o*97 

0*94 


The zero-molecular velocity constant does not undergo any change' with 
change in the concentration of methylene blue. 


Tabu m. Table IV. 

Effect of varying the concen - Effect of varying the concen¬ 
tration of glucose. tration of uranic acid sol. 


Temp. =32*. I«b. =1180. Temp.=32°. to* == nSo. 

Mi Mu* = <5*12 x io~ 4 M. Glucose = o*o23M 

Uranic acid sol=o'oai M. Me blue=6*i2 x xo~ 4 M. 


Ghtcoae (M) 

0*025 

0*0125 

0*0063 

Uranic add aol (M) 

0*042 

0*021 

K (Kvo-mol.) * io 1 * 

1 95 

1*25 

0*70 

K (zero-mol.) x xo** 

2X7 

*•95 

t 


6*64 

6-a 

i 

r -08 

0-97 



Log tan a—log tan «\ 
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It is found that i /K plotted against 1/cone, of glucose gives a straight 
line (Fig. 2). 


Fig .1. 


Fig. 3. 



2 6 IO 

Cone, of Me blue x io 4 . 



40 80 iao 16c 

Ji/C—> 


The zero-molecular constant diminishes slightly as the concentration of 
uranic acid sol is diminished. 

Effect of Varying the Temperature.— The temperature coefficient is 
very small being of the order of i 05—1 15* 


Effect of Varying the Intensity of Radiation . 

Table V. 

Me blue=6‘i2 x io“' 4 Af. Glucose =o*025M. sol.=o*02ilW. Temp.=32°. 

jK (iero*molecnUr) x io M . 

1180 

370 

It will be seen from the above table that the velocity constants vary 
directly as the intensity of absorbed radiation. 

The molecular extinction coefficient of uranic acid and methylene blue 
at 366/1/* were measured with the help of a Moll thermopile and a Moll Gal¬ 
vanometer. The results are given in Table VI. 

4 


i'95 
o - S7 
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Table VI. 


Absorbing substance. Mol. ext coeff. (566 mm)* 

Uranic add sol 28 

Methylene bhse 2500 

Quantum Efficiency of the Process . 

In Table I, the intensity of total radiation (366/*/*) absorbed by a 
solution* of 0*5 cm. thick = 1180 ergs, per sq. cm. per sec. = 3*603 x io~ 10 
Einstein per sq. cm. per sec. 

Now the part of the energy absorbed by uranic acid only is effective in 
bringing about the photochemical change and is approximately 


= 3*603 Xio~ 10 X 


0*021 X 28 ___ 

0*021 X 28 + 6*12 X io~ 4 X 0*25 X io 4 


= 1*015 x io“ 10 Einstein per sq. cm. per sec., 
the mol. extinction coefficients of uranic acid and methylene blue 
being 28 and 2500 respectively. 

Since the zero-molecular velocity constant K (expressed in terms of 
no. of g. mols transformed in 1 sec. in a unit cell (1 cm. x 1 cm. x 1 cm.) 
^x’gsx io" 10 . 

No. of g. mols transformed in 1 sec. in a cell (1 cm x 1 cm x 0*5 cm.) 
=0*98 x io~ 10 , the thickness of the reaction cell being 0*5 cm. Quantum 
efficiency of the process 


s 0*98x10-1° 
1*015 xio* 10 


= 0*97. 


Quantum yield for other experiments were similarly calculated. 

Table VII. 

Dependence of the velocity of radiation on the state of polarisation . 


Nature of light. 

/tb>. 

K (zer-omol.) with respect 
to Me bine. 

Unpolarised 

1x80 

x*95 * io* 1 

^Circularly polarised 

220 

0*367 

d-Cfrcnlarly polarised 

iso 

0330 
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It will be seen from the above table that the velocity constant is not 
much affected by the nature of the activating light. 


Discussion. 


The photochemical reaction between methylene blue and glucose with 
uranic acid sol as photosensitiser is characterised by great simplicity. 

(i) The reaction is zero-molecular with respect to methylene blue. 

( 2 ) The velocity is proportional to the intensity of light absorbed, 

( 3 ) and is practically independent of the concentration of uranic acid 
sol provided that the sol strength is such as to ensure complete absorption 
of incident radiation. The quantum efficiency is of the order of unity. 
The mechanism of reaction must necessarily be the following:— 

Methylene blue even in very small concentrations forms as in the case 
with most dyestuffs, a saturated unimolecular layer on the sol surface. 
The excited elementary spaces of the uranic acid sol surface, produced by 
the absorption of a quantum o radiation, activates a molecule of methylene 
blue adsorbed on the surface. These activated molecules of methylene blue 
on the surface of the sol particle react with a molecule of reductant also 
adsorbed on the surface of the sol. 

The velocity of reaction is given by 


dx _ „ 1 r » 

'di ‘ Nhv * • 


= K 


(«) 


where C* is the surface concentration of glucose. 


According to Langmuir, C* 


KxC\ 

i + K»C[ 


(«) 


where C\ is the concentration of glucose in solution. 
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1 k = -k]f + ft .«# 

i.e., the inverse of velocity constant plotted against the inverse of glucose 
concentration should give a straight line, which has been found to be the 
case. 

The velocity of reaction has been found to be proportional to the 
intensity of radiation as is demanded by the equation (i). The quantum 
efficiency of the reaction involving the action of uranic acid sol as a 
photo-catalyst is independent of the state of polarisation of exciting 
radiation. 

CHiiacAi Laboratory, 

Dacca University, 

JUMNA, Dacca. Received July 20, 1936 



PHOTOCHEMICAL reaction with some inorganic 
COLLOIDS AS ACTIVE AGENTS UNDER THE INFLUENCE 
OF LIGHT IN VARIOUS STATES OF POLARISATION. 
PART XII. THE PHOTOCHEMICAL OXIDATION OF 
GLUCOSE AND LAEVULOSE BY METHYLENE BLUE 
WITH FERRIC HYDROXIDE SOL AS THE PHOTO- 
SENSITISER. 

By T. Banerjeb, S. K. Bhattacharjee and N. Mukiierjee. 

Preparation of Feiric Hydroxide Sol. 

The sol was prepared after Dumansky (J Russ Phys. Chem. Sac., 
1904, 34 , 1067). A dilute solution of Merck’s "extra pure’ ferric chloride 
was treated with Merck’s extra pure ammonium carbonate in the cold until 
the precipitate formed just dissolved. The deep red coloured sol thus form¬ 
ed was filtered and then subjected to hot dialysis at 7o°-8o° for 12 days. 

Estimation of Ferric Hydroxide Sol. 

The ferric hydroxide sol was gravimetrically estimated as Fe 2 0 3 
(Ireadwell, 1924 Bd., p. 94). The sol was also iodometrically estimated by 
Carl Mohr's method (Ann. Chem. Pharm., 108 , 53). The results obtained 
by the two methods were found to be identical. 

Spectrophotometric readings were taken with the quartz cell filled with 
water or mixtures of different concentrations of methylene blue and ferric 
hydroxide sol in the red region of the spectrophotometer (632 pp) where 
the absorption due to the sol was the smallest. A graph (Fig. 1) was obtained 


Fig. 1. 
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by plotting log tan 0j - log tan 0j against the concentrations of methylene 
blue at a particular sol concentration. A separate graph was traced with 
feach concentration of the sol (c/. Part XIII). 

A solution of methylene blue or methylene blue and glucose or methy¬ 
lene blue and ferric hydroxide remained unaffected when exposed to the 
radiation of wave-length 366ft/* and 254/*/*. A mixture of glucose, ferric 
hydroxide sol and inethylene blue does not react when kept in the dark for 
24 hours. 


Results. 

A very long induction poriod (from 6 hours to 14 hours depending upon 
the intensity of exciting light) was observed in the photochemical reaction 
even when the air in the reaction mixture was removed by passing nitro¬ 
gen through it. In the following experiments, the induction period was 
considerably minimised (from 6 hours to less than 2 hours) by pre-exposing 
the reaction mixture to sunlight for 5 minutes. 

Table I. 

Reaction mixture not pre-exposed to sun-light, d (thickness of the 
reaction cell) ® 0*5 cm. Composition of reaction mixture:—Sol (as FegOa) 
*■0*0107 M ; glucose =» 1 % ; methylene blue = 5ox io” 6 M. p B = 4*8. 
Temp.® 29 0 . *h\* =2352. 


Time. 

Spectrophoto- 
inetric reading. 

w 

Zero 

reading. 

(*i) 

Cone, of 
methylene 
bine * io*. 

K 0 (no. of mols transformed 
per c.c. per sec.) x io 1 *. 

(1) 0 hr. 

74*5 

5 i *5 



(a) « 

665 

»» 



( 3 ) a 

63*5 


22'0 


( 4 ) 7 

60*5 

*1 

15*6 

3-56 (from 3 & 4) 

( 5 ) 7 § 

57 *o 

M 

9*5 

3*38 (from 4 & 5) 


Mean—3*37 


The reaction is zero-molecular with respect to methylene blue. 

* ; a b«, here and in the following tables denotes the intensity of radiation absorbed 
by the reaction mixture in ergs per sq. cm. per sec. 



i/K * io' 1 
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Effect of Varying the Concentration of Reductant* 
Table II. 


Temp. = 29*. Sol«o*oio7M. Methylene blue »5oxio“ fl Af. 
pa = 4*8. /.b. at 254 1380 and at 366/*/* = 2160. d= 0*5 cm. 

y-quantnm efficiency. 


Cone, of 
rednetant. 
Glucose. 

Kx 10H 
at 254MM* 

7 at 354 MM- 

K x io 1 * 
at 366 mm- 

7 at 366 mm- 

8% 

— 

— 

3*80 

0*00383 

4 

1*48 

0*00252 

3*80 

0*00382 

2 

i *49 

0*00363 

378 

0*00282 

I 

i *33 

0*00326 

3*02 

0*00335 

0 5 

i *075 

0*00l83 

2*53 

0*00189 

0-35 

Lae vn lose 

0767 

0'00130 

1*65 

0*00125 

1% 

... 


10*00 

0*0071 

o *5 

448 

0-0094 

9*93 

00075 

0*25 

4*48 

0*0094 

9*93 

00075 

0’I25 

3 ’ 9 2 

0*0066 

978 

0*0070 

0*0625 

305 

0*0052 

8*30 

00062 

0*0313 

a *45 

0*0042 

6*83 

0*0051 


From the above table it will be found that upto a certain concentration 
of the reductant, the velocity constant does not undergo any change with 
change in concentration of the reductant. Below this limiting concentra¬ 
tion of the reductant, the velocity constant diminishes with the decrease 
in the concentration of reductant and i IK plotted against i/C gives a 
straight line (Figs. 2 and 3). 

Fig. 2. Fig. 3 - 
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Effect of Varying the Concentration of Sol. 
Table III. 


Wave-length. 

Temp. = 29®. 

Cone, of so). 

Methylene blue 

Rednctant. 

= 50 XicT e M. 

pm . Uht . 

X x io». 


0*0:07 M 

Glucose. 

1% 

4*80 

1366 

• 1*365 

„ 

0*0034 

11 

4*86 

1352 

i *275 

366 mm 

0 0107 

>} 

4*80 

2496 

3’497 

91 

0*0054 

11 

4*86 

2482 

3*242 

254 MM 

0.0107 

Laevnlose. 

0 ‘ 2 S% 

4*80 

1366 

4*47 

M 

0*0054 

II 

4*86 

1352 

4 ‘i 5 

366 MM 

00107 

II 

4*80 

2163 

10*08 

M 

0*0054 

*1 

4*86 

2158 

967 

„ 

00017 

II 

4‘95 

2145 

935 


From the above table it is evident that the velocity constant diminishes 
slightly with diminishihg concentration of the sol, the intensity of radiation 
absorbed by the sol also diminishing slightly. 


Effect of Varying the pa of the Reacting System. 
Table IV. 


Temp. = 2g°. Sol = 0*0107 M. Methylene blue *= 50*0 x io“ 15 M. 

/.bn at 254 /i/i = i3So and at 366 /au = 2544 with glucose, and at 366 = 

2032 with laevulose. 


P* • 

Rednctant. 

Glucose. 

K x :o» 
at 254 mm. 

7 at 254 mm- 

K x 10*3 
at 366 mm- 

y at 
366 mm 

5*5 

1% 

1*00 

000166 

2*00 

0*00014 

5 1 . 

11 

i'i 7 

0*00198 

2*69 

000166 

4* 

„ 

1*33 

0*00228 

3*55 

0*00223 

4*5 

t) 

0*99 

o*ooi66 

... 

... 

4*3 

9 J 

... 


1*68 

0*00100 

4*0 

• 9 

0*0 

0*0 

0*0 

0*0 

5*5 

Laevnlose. 

015% 

3 *i 

00052 

6*30 

0*0050 

5*1 

II 

... 

... 

747 

00069 

4*8 

II 

4*48 

0*0092 

9*33 

0*0074 

4*3 

It 

2*70 

0*0045 

4*20 

00033 

4*o 

II 

0*0 

0*0 

o’o 

0*0 
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From the above table it is evident that the velocity constant passes 
through a maximum to almost zero as the p u of the system decreases. The 
maximum velocity constant is obtained at p u 4*8. 

Effect of Varying the Intensity of Absorbed Radiation . 

The intensity of radiation (366 up) absorbed by the reaction mixture 
was measured by noting the deflections of a Moll galvanometer connected 
with a Moll thermopile placed behind the reaction cell, first with the cell 
filled with pure water and then with the reaction mixture. The difference 
gave the light absorbed by the reaction mixture (vide Part I). 

The energy of total incident radiation of 254 was similarly measured 
with a Moll thermopile and a Moll galvanometer. The galvanometer deflec¬ 
tions were noted with the cell, first filled with pure water and then with normal 
potassium nitrite solution which absorbed completely the extreme ultraviolet 
radiation (254 ufi). The difference gave the intensity of total ultraviolet 
radiation (254 fyO- 

The amount of light absorbed by ferric hydroxide sol alone was calculat¬ 
ed by the approximate extinction formula for mixtures. J*b* by ferric hydro¬ 
xide sol (A). 


52 ^incident ( I e 


C id 1 


A + A 

« Ci 6 C 9 


... (A) 


the extinction coefficients (at wave length A) and concentrations of A and B 
(the other absorbing agent) being ^and e * andc 2 respectively. 


Molecular extinction coefficient of ferric hydroxide sol and methylene 
blue in the ultraviolet were measured by means of a Hilger quartz spectro¬ 
graph in conjunction with a rotating sector. The values are given in Tat?le 
V and Fig. 4. 

Fig. 4. 



5 
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Table V. 


Absorbing substance. 

Mol. extinct. 

roeffici e 


254 

366 up. 

Ferric hydroxide sol 

io ,747 

5.373 

Methylene blue 

23.485 

2,500 


Effect of Varying the Intensity of Absorbed Radiation. 
Tablb VI. 

Temp. =29°. P» =4 8. d=o'j cm. 


Wave-length Cone, of 
sol. 


(a) 366 nn 0.0107M 

I* »» 


(b) 366 fM* 0*0107M 

»» »• 


Reductant. Cone, of 
Me blue. 

X IO* 

Glucose. 

1% 50*oM 

M II 

Laevulose. 

025% 500 


7 »bt (mix). K x iqW. 


5544 3*55 

1681 a’39 

2x63 9'93 

1542 7*48 


The velocity constant varies directly as the intensity of radiation absorb¬ 
ed. 


Quantum Efficiency of the Process . 

As in Part XIII, the fraction of the radiation absorbed by the sol alone 
was taken into consideration while calculating the quantum efficiencies of 
these photochemical reactions and calculated by the equation (A). 

In this case, the concentration of methylene blue being relatively very 
small and the molecular extinction coefficient of methylene blue and ferric 
hydroxide sol being of the same order, practically the whole of the absorbed 
light was absorbed by the sol. The quantum efficiency (y) was much 
less than unity (vide Table II) 

Temperature Coefficient of the Reaction .—The temperature coefficient is 
small being of the order of i.i—1.2. 
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Influence of Polarised Light . 

Table VII. 

Wave-length = 366/i/x. Temp. = 29°* p n = 4*8. Sol=o*oi<>7M. 
Methylene blue = 50*0x io" 6 M. Glucose = i%. 



Nature of light. 

f«b*. 

K x io**. 

(a) 

Ordinary 

2492 

348 

(b) 

d-CircuIarly polarised (reaction mixture 
not pre-exposed to sunlight). 

" 

o '93 

(c) 

/-Circularly polarised (reaction mixture 
not pre-exposed to sunlight). 


102 


In the last two cases (c and d) induction period was about 14 hour*. 
Now from the above table we see that Vi > V D , the terms having the usual 
significance. 

Discussion. 

Any mechanism of reaction that may be proposed should be in a posi¬ 
tion to explain the following facts:— 

(1) The velocity of reaction with respect to methylene blue is zero- 
molecular. 

(2) The reactions are attended with long induction periods. 

(3) Upto a certain concentration of reductants, the velocity constant 
undergoes no change with change in concentration of reductant. Below 
this limiting concentration of reductants, the velocity constant diminishes 
with the decrease in the concentration of reductant and i/C plotted against 
1 IK gives a straight line. 

(4) The velocity constant diminishes slightly with diminishing con¬ 
centration of sol, the intensity of absorbed radiation diminishing slightly. 

(5) The constant passes through a maximum at p n 4*8 to almost zero 
as the pn of the reacting system diminishes. 

(6) The velocity constant varies directly as the intensity of absorbed 
radiation 

(7) Temperature coefficient is small. 

(8) The quantum efficiency which is very much less than unity, has 
almost the same value at 254/*/* and 366/ip. 

The sol surface is completely covered with a unimolecular layer of the 
dye-molecule even at very low concentration of the dye. It is remarkable 
that the absorption of radiation by the dye-molecules directly does not lead 
to the photoreduction by reaction with reductant. But a dye-molecule 
can be brought into activated state by receiving eue .>y from the elementary 
spaces of the ferric hydroxide sol surface which is also excited by the ab¬ 
sorption of radiation. 



610 


BANERJEE, BHATTACHARJEE AND MUKHERJEE 


The low quantum efficiency can be due to two reasons:— 

(a) Only a small fraction of the radiation absorbed by the sol is avail¬ 
able for the activation of the dye-molecules on the surface of the sol or 

ib) the velocity of reaction between activated molecules and the re- 
ductant adsorbed on the surface of the sol is so slow that most of the former 
revert spontaneously to the normal state. It is difficult to decide between 
these two possibilities. 

The velocity is given by 


dx 

di 


K\ 


Nhv 


A = K 


... («•) 


where C\ is the surface concentration of the reductant. 


According to Langmuir 

JC,rf ... («) 

C s- 1 -r— 

■ K,+K t (?, 

where C\ is the concentration of reductant in solution. 

When CJ is very large, K t +K t C\ may be taken as equal to CJ 


or 4 r- = K = £-* - (»«) 

dt K) 

That is, the velocity constant is independent of reductant concentration 
when the latter is high as has been experimentally found to be the case. 

At a lower concentration of reductant K $ can not be neglected in com¬ 
parison to K $ Cl 

TT irr rr Kg^Kgd 

Hence ^ p — 

# 

= - W 

That is at low concentration of reductant, t/K plotted against, CJ should 

give a straight line. This has been experimentally realised. 

The velocity of reaction has been found to be proportional to the inten¬ 
sity of absorbed radiation as is demanded by equation (t). 


Chemical Laboratory, 
Dacca University, 
Ramna Dacca. 


Received Jmfy so, 1936. 



PHOTOCHEMICAL REACTION WITH SOME INORGANIC 
COLLOIDS AS ACTIVE AGENTS UNDER THE INFLUENCE 
OF LIGHT IN VARIOUS STATES OF POLARISATION. 
PART XIII INFLUENCE OF THE STATE OF POLARISA¬ 
TION OF LIGHT ON THE VELOCITY OF PHOTO-OXI 
DATION OF ORGANIC SUBSTANCES BY HYDROGEN 
PEROXIDE WITH COLLOIDS AS PHOTOSENSITISERS. 


BtTarapada Banbkjkx. 

In this part results on the influence of polarised light in bringing 
about photo-oxidations of organic substances by hydrogen peroxide with 
inorganic colloids as photosensitisers have been given. Colloids used are 
(f) tungstic acid sol, (it) molybdic acid sol, (Hi) vanadic acid sol, (tv) chromic 
tungstate sol, and (v) chromic hydroxide sol. 

The kinetics of these reactions in unpolarised light have been studied 
in detail (cf. Banerjee,/. Indian Chern. Soc., 1937, ii, 59). The experi¬ 
mental procedure and arrangement have been described in Part I of this 
series (J■ Indian Chem. Soc., 1937, 11 , 495). 

In the present case the reacting systems, immediately after mixing 
the reagents, were exposed to radiation (366/1x/x) in either d- or Z-circularly 
polarised state. The velocity of reaction was measured after the induction 
period was over. The induction period of these photo-oxidations in the 
circularly polarised light varied from 6 to 8 hours. 


Photochemical Oxidation of Organic Substances by Hydrogen 
Peroxide with Tungstic Acid Sol as Photosensitiur 
(•with or without promoters). 


When the concentration of hydrogen peroxide was o'oM, which is the 
concentration of hydrogen peroxide at which reactions described in the 
present paper are given, the reaction was found to obey unimolecukr lap. 
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The concentration of tungstic acid sol (in terms of tungstate equivalent) 
was 0*025 Af. The velocity of reaction varied as the square root of absorbed 
radiation. 


Table I. 

Composition of reaction mixture:-sodium tungstate -0025M; H20* = 
0*02A/; glucose*o*o25M; HCl = o o8N. Temp. = 30°. A = 366^. Jab* = Inten¬ 
sity of light absorbed in ergs per cm 2 /sec. 

Unpolarised. J-Cireularly d-Circularly 

polarised. polarised. 

Ub * 383 728 728 

Jtualmol k XO* ... 3*91 5*68 4*21 


Table II a* 

Formaldehyde as reductant. 


A=36 6/x/x. Temp= 
o*o36Af. HCl=o*o877N 

: 30°. Tungstate=o - o25M. 

H 9 0 9 =o o2M. H'CHO; 

Nature of light used. 

/aba • 

Kunlmol x 10®. 

Unpolarlaed 

IP31 

a -88 

1 -Circularly polarised 

IS® 

o *79 

d- „ polarised 

158 

o*6i 


Table II b. 



Laevulost as reductant. 


Laevulose=o*oasM, 

HC1=o* 078N. Other factors same as in Table IIa. 


Nature of light used. 

Jabs. 

Kanlmol 1 

Unpolarlaed 

1932 

6-9 7 

^Circularly polarised 

*4* 

3*3 

^Circularly polarised 

*4* 
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Table III. 

Glucose as reductant (in presence of promoters). 

A=366^/1. Temp.—31 0 . Glucose=o-o25M. Tungstate■*= croasAf. 


Nature of light. 7 ,b. . Kun.mol * io*. Nature of light. 7 ,b.. ffunlmol * io‘. 


(ft) Promoter (M/2500) -FeCl 3 , 6HjO. 
H 2 Oj = o*oiM. HCl~o*o8N. 


(b) Promoter (M/2500) — FeClj, 6HjO. 
HiOi-o-oo86M. HCl~o*o8N 


I-Circularly 



{-Circularly 



ploarised 

360 

4*68 

polarised 

360 

4-78 

d-Circularly 



d-Circularly 



polarised 

360 

3 ' 9 i 

polarised 

360 

3-68 

\c) Promoter (M/ 20,000) 

-FeS 0 4l 7H1O. 

(d) Promotei (M/20 000) FeS 0 4 , ;HjC 

H s O,~o-oi26M. HC 1 

*0-1175 N. 

HjOj-0*0159 M. HC 1 » 0*1175 N. 

Unpolarised 

2980 

15-00 

/-Circularly 



Z-Circularly 



polarised 

600 

782 

polarised 

600 

7-06 




d-Circularly 



d-Circularly 



polarised 

600 

5*52 

polarised 

600 

6-44 

{e) 

Promoter = 

Af/2o t cKx>-CuSO., 7 HjO. HjOj-0-0138 M. HC 1 

*0*1175 N. 

Unpolarised 




2980 

15*76 

J-Circularlv polarised 



600 

7*33 

d-Circularly polarised 



600 

5*75 


From the above tables it is evident V 0 = Vv> V D , the terms having 
the usual significance. 

Photochemical Oxidation of Glucose by Hydrogen Peroxide with 
Chromic Tungstate Sol as Photosensitiser. 

This piece of work was taken to investigate the influence of light 
of different wave-lengths upon this photo-reaction. 

Unpublished data by the author on this reaction at 579 fifi showed that 
in this case the reaction was always zero-molecular. At 579 fifi the velocity 
constant varied directly as the intensity of absorbed radiation but at 366/^ 
it varied as the square root of absorbed radiation. The circularly polarised 
light in two opposite directions was obtained in two ways (») with the help 
of A/4 plate or (it) with the help of Fresnel Rhomb. 
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Table IVa. 

Light circularly polarised by A/4 plate (as described in Part I). 

*“579W«. Temp.=29'i°. Glucose=o - 025M. HC1=*o'o39 N. H a Oj= 

o‘oii4. Chromic tungstate=o'o265M. 

Unpolarised. J-Circnlarly polarised. d-Circnlarly polarised. 

/•ba ... 2500 1200 IXOO 

Kq x 20 1 ® ... 7*24 3 32 2*56 


Table IVb. 

A = 366/x/x. Temp. = 30*5°. H a 0 2 = o'oio8M, Chromic tungstate* 

0*0082 M. Glucose* o’o2sM. HC 1 = 0*039 N. 

Unpolarised. ^-Circularly polarised. d-Circularly polarised. 

/•b« ... 505 229 229 

Kunimol ^ IO 1 ... 2-53 2-69 I*l6 

Experiments with Fresnel Rhomb .—The experiments at S79W ( cf . 
Table IV a) were repeated with 1000 c.p. point-o-lite lamp and the Fresnel 
Rhomb. 

Description of the Apparatus.—Thu polariser consisted of a large 
Nicol which was fitted with a graduated circle and the vernier 
attached to the larger circle. The Fresnel Rhomb was set up with its 
face vertical. When the short axis of Nicol was kept vertical, plane polarised 
light was obtained. For d- and / circularly polarised light, the polariser 
was rotated through 45 0 from the zero position towards the right and left 
respectively. 


Table V. 

Region * 579/ifi. Temp. - 30*5° . Glucose = 0*025M. Tungstate ~0'026sM. 
HgOa^o’oo96M. HCl=o*o4iV. 


Nature of light used- 

/•bs. 

Ko * 20**. 

l Circularly polarised. 

930 

2*89 

d-Circularly polarised. 

930 

2 X1 
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Thus as before V x . > Kn , the terms having the same meaning as 
before. 

Photochemical Oxidation of Glucose by Hydrogen Peroxide in 
Acid Medium with Vanadic Acid Sol as Photosensitiscr. 

The reaction followed the zero-molecularlaw with respect to hydrogen 
peroxide and the velocity constant varied as the square root of the intensity 
of absorbed radiation. 


Table VI. 

A=366ftfi. Temp. = 27°. pm = 5*0. Sodium vanadate = 0*033 M. 

HaOg=o*oi M. Acetic acid = 0018M. Glucose = 005M. 


Unpolarised. i-Circuiarly polarised. d-Circularly polarised. 


Ubn 

... 

1256 

307 

Kq h XO 1 * 

... 

517 

2*56 


307 

1-96 


From the above table, it is evident that V 0 = Vx, > V» , the terms 
having the usual significance. 


Photochemical Oxidation of Glucose by Hydrogen Peroxide at 
pm 5*2 with Chromic Hydroxide Sofas Photosensitiser. 

The reaction was unimolecular with respect to hydrogen ]>eroxide. 



Table VII. 


Region=579^. Teinp.= 
mic hydroxide=o*02i05 M. 

28°. Glucose = 

0 025M. H s < ),=o*oi57M. Chro- 

Nature of light used. 

W 

Kuaimo) with respect to HjO|. 

/•Circularly polarised 

229 

3*56 x 10“ s . 

d-Circularly polarised 

229 

3*56 * XO - • 

6 
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From the above table it is evident that V L = Vv, the terms having the 
usual significance. 

Photochemical Oxidation of Glucose by Hydrogen Peroxide in 
presence of Molybdic Acid Sol as Photosensiiiser- 

After the induction period was over, the reaction was always zero-mole¬ 
cular. The velocity constant was directly proportional to the intensity of 
absorbed radiation. 


Table VIII. 


A = $66fxfi. Temp. = 31 d . Alcohol =4*346!!. HCl=o‘o746AT. Molybdate = 
o'osM. H a <) 2 =oo22Af 


/fch» 

K * jo 10 


Unpolaribcd 

/•Circularly polarised. 

d-Circularly polarised 

163s 

252 

252 

1079 

1*76 

1*76 


From the above table it is evident that l\» = Vi =F D , the terms 
having the same significance as before. 

From Tables I-VI it is quite evident that under otherwise identical 
conditions h circularly polarised light is more efficient than d-circularly pol¬ 
arised light in bringing al>out photochemical oxidation with tungstic acid, 
chromic tungstate and vanadic acid sols as photosen sit isers, while in pre¬ 
sence of molybdic acid sol and chromic hydroxide sol, light in the two sta¬ 
tes of circular polarisation is equally efficient. 


Chemical Laboratory, 
Dacca University, 
Ramna, Dacca 


Received July 20, 1936 



photochemical reaction with some inorganic 

COLLOIDS AS ACTIVE AGENTS UNDER THE INFLUENCE 
OF LIGHT IN VARIOUS STATES OF POLARISATION 
PART XIV. INFLUENCE OF CIRCULARLY POLARISED 
LIGHT ON PHOTOCHEMICAL REACTIONS WITH PRE¬ 
EXCITED COLLOIDS AS PHOTOSENSIT1SERS. 

By J. C. Ghosii and T. Banerjke. 

Section A. 

In the previous papers of this seiies, it was observed that the photo¬ 
chemical reactions, which we have studied, are characterised by a considerable 
induction period. The reacting systems immediately after mixing up Were 
exposed to radiations in a definite state of polarisation and the reaction 
velocities under the influence of the same radiation were determined after the 
induction period was over. It was found that in the case of some photo-active sols 
the reaction velocities for the same intensities of /-circularly polarised radia¬ 
tions were greater than those with the corresponding d-circularly polarised 
light. In this section will be described the results of preliminary experi¬ 
ments which were carried out with sols which were exposed to and matured 
in light of a definite state of polarisation, before being mixed with the other 
constituents of the reacting system. It has already lieen shown that if a sol im¬ 
mediately after its preparation is allowed to mature by exposure to radiation 
for a sufficient length of time and then mixed with the other components of 
the reaction mixture, the induction period disappears. Such a process we 
have termed the process of pre-excitation and such sols, we shall describe, as 
pre-cxcitcd or pro-activated sols. 

Photochemical Reduction o\ Tungstu Acid Sol by Glut osc ( Ref. Part 
II ; this Journal, 1937* !>• 5*9' 

Table I. 


Tungstate = o‘o25A/. Glucose=10%. p»~ 1*24. Temp.= 29*5'. A = 36'ty/i. 
(/(thickness of the reaction cell) = 0*5 cm. Intensity of absoibed 

radiations in ergs/cm 2 /sec. 7 = Quantum efficiency. 



Sol preactivated 
in 

Reaction carried Ub§ in which 

in the reaction was carried. 

K 0 *io 10 . 

7 . 

1. 

Ordinary light from 
point source quartz 
mercury lamp 

Ordinarj 

146 

ri7 

1 '29 

2. 

Do 

d-Circularly polarised 

**3 


1 38 

3 - 

Do 

/-Circularly „ 

**3 

°' 9 S 

1-38 

4 » 

/-Circularly polarised 

/-Circularly „ 


o *95 

i. 3 « 

5 * 

d-Circularly „ 

d-Circularly „ 

i *3 

0*70 

1*01 
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Photochemical Oxidation of Glucose by Methylene Blue with Ferric 
Hydroxide Sol as Photosensitiser. (Ref. Part XII, p. 603) 


Table II. 

So 1 =o*oio 7 M. Methylene blue=5o x Glucose^iX. pH =4*8. 

Temp.» 29°. 


Nature of light 

in which the 

7 *ba in which the 
reaction was 
carried out. 

K 0 xio 1 *. 

aol was pre-acti- 
vated. 

reaction was 
carried. 

Sunlight for 5 mins 

Ordinary 

2492 

3*48 

»• 

[-Circularly polarised 

682 

1*00 

M 

d-Circularly polarised 

682 

o -99 


Photochemical Oxidation of Glucose by Hydrogen Peroxide in Actd 
medium with Tungstic Acid Sol as Photo-catalyst (Banerjee, /. Indian 
Chem . Soc., 1937, 14, 59). 


Table III. 

Glucose = o'o25Af. Tungstate=o'o25M. HCl = o’o8N. Temp. =30°. 

H a Oj=o'oi5M. 


Sol pre-activated in 

Reaction carried in 

7 *b* • 

Kunjmol x 10*. 

(at [-Circularly 
polarised 

[-Circularly 

polaiised 

480 

4*49 

(6) d-Circular 1 \ 
polarised 

d-Cireularly 

polarised 

480 

338 

(c) Ordinary light 

d-Circularly 

polarised 

58 

i'$<> 

Do 

[-Circularl} 
polarised 

58 

1*58 
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Photochemical Oxidation of Glucose by Hydrogen Peroxide »« Acid 
medium with Vanadic Acid Sol as Photo-catalyst (Banerjee, loc. cit.). 

Table IV. 

Glucose=o‘05M. VanadateAcetic acid=o‘oi8 M. HjOg = o'oi Af. 


4>h =5'o- 

A=36 6/111. 

Temp.=27°. 


Sol pre-excited in 

Reaction carried in 

7 abt in which the 
reaction was 
carried out. 

Ko x 10W. 

Ordinary light 

/•Circularly 

polarised 

526 

3*53 

M 

d-Circularly 

polarised 

11 

3*45 

/-Circularly 

polarised 

/-Circularly 

polarised 

IS 

3*39 

d-Circularly 

polarised 

d-Circularly 

polarised 

IS 

2*37 


Tables (I—IV) show that /-circularly polarised light is under otherwise 
identical conditions, more efficient than d-circularly polarised light, only 
when light in which the sol is pre-excited and light in which the reaction 
is carried out is in the same state of circular polarisation. 


Section B. 

Summary of the results on differences in velocities of many photo¬ 
chemical reactions which were observed with the same intensities of light 
in the two opposite states of circular polarisation, are given in Tables Va, 
Vb Vc, VI and VII. V, and V„ represent the velocity constants in / and d- 
circular'ly polarised light respectively, I ,, and 7 „ being the corresponding 
intensities of absorbed radiation. It should be noted that in these cases, 
illumination during the long induction period was effected by the same 
polarised beam which was responsible for the later photochemical action. 

In Table VII, V*. represents velocity constant in /-circularly polarised 
light with sol pre-excited in ordinary light, V„, that in d-circularly polarised 
light with sol pre-activated in /-circularly polarised light, Vu., that in i- 
circularly polarised light with sol pre-excited in /-circularly polarised light, 
Vd„. that in d-circularly polarised light with sol pre-excited in d-circularly 
polarised light. U, U, U, and U being the corresponding intensities 
of absorbed radiation. 
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Table Va- 

General observation—14 > V D . 

The velocity of reaction varies directly as the intensity of absorbed 
radiation and was calculated after the induction period was over. 


(l) 

(2) 

(3) 

(4) 

(5) 

Serial 

No. 

Ref. to part 
of this 
series- 

Comp, of re¬ 
action 
mixture. 

Vt Ih. 

v*ih. 

i. 

n 

Tungstic acid 
+ HCHO 

i_'39_x io -10 

237 

o'qs x io - ** 

237 




586X10- 13 

4*00 xio"" 13 

2. 

II 

Tungstic acid 
+ glucose 

C70X IO _,n 

0*40 Xio“ 10 



237 

237 




2*95 x io“ 13 

I69XIO -1 

3 * 

II 

Tungstic acid 
+ Laevulose 

o’6i x io*~ 10 

180 

180 




3'39 x io _,a 

2 22 X X 0 -1 * 

4- 

11 

Tungstic acid 
+ lactic acid 

i' 87 x io -, ° 

195 

i'28x io~ ,# 

195 

5- 

II 

Tungstic acid 
+ mandelic 
acid 

9 59 x I0~ ,n 

1*22 X IO~ , ° 

328 

6'56 x io -1 '’ 

o‘ 87 x io -10 
328 

h 

11 

Tungstic acid 
+ leucine 

3*71 x icT n 

0*79 x i 0 “ 10 

2*65 X IO" 13 

0 67 X icT 10 



385 

385 

r. 

ir 

Tungstic acid 
+ Na-hypophos- 
phite 

2 05 X XO-” 

x'54*io~ 1# 

192 

i'74* io~ 13 

i‘34Xxo _, ° 

192 



PHOTOCHEMICAL REACTION WITH INORGANIC COLLOIDS 621 
Table Va (could.). 


(X) (a) 

(3) 

( 4 ) 

( 5 ) 

X 

Tungstic acid 
+ K-indigo-tetrasul- 
phonate + glucose 

0*302 x 10- 7 
1030 

0*197XIO^ 7 

1030 



2*93 xio- 11 

191 Xio" 11 

XII 

Ferric hydroxide 
sol + methylene 
blue + glucose 

i‘o2Xao“' 8 

0*93 X 10 " 1 * 


*682 

682 



1*49 x io -11 

i'36x io“” 

i o. (Banerjee, 
loc. cit.) 

Chromic tung¬ 
state + glucose + 
H 2 0 2 (with A/4 
plate) 

3*32* io~ 10 
I'lOO 

2*56 X IO -10 
1100 



3*02 X io; 18 

2*33Xio" 1# 


Do 

(with Fresnel 
Rhomb) 

2*89 X IO~ ,# 

2*11 x 10-“ 


93 U 

3 - jixicr ,s 

930 

2*27 Xio*" 11 


Table Vb. 



General observation 

-Vt > y B . 


The velocity of reaction varies as the square root of 
and was recorded after the induction period was over. 

absorbed radiation 

Serial Ref. to Part of Comp, of the 

No. this series reaction mixture. 

V 1 //,. . 

Fn in. 

(x) (a) 

(3) 

(4) 

(5) 

i. IX 

Tungstic acidf+ 
alcohol + iodine 

1/36 Xio -10 
*^3 ur 

J*05X io” ,# 
V3X0 



7‘7i x 10”” 

5*96X10:” 

2. IX 

Tungstic acid + 
glucose + iodine 

2'05XlO~'° 

^ 57 «> 

1*74x10:” 

^570 



8*59x10“” 

7*89X10““ 
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Table Vb ( contd .). 


{2) <3) (5) (4) 


3 - 

Banerjee Tungstic acid + 
(loc. cit.) glupose + HjOe 

5 ‘ 68 x io~ 5 
^728 

4*21 io" 5 
^728 



2*11 Xio"® 

I '56x10** 

4 * 

>> Tungstic acid 

+ formaldehyde 
+ H 8 O s 

0*79xio" 5 

o‘6i x 10“* 


^158 

^158 



6*29 x icr T 

4*85 X io - ’ 

5 - 

„ Tungstic acid 

+ laevulose 
+ H a O a 

2*23 x io" 5 
^241 

198X I0“ ! 
^241 



1*44X10"® 

1*28 X 10”* 

6. 

Tungstic acid + 
glucose + HjOj 

(in presence of 
FeCl„ 6H a O) 

4*88 xio” 5 
^360 

2*57x10”® 

3*91 x IO" 5 
V360 

3"o 6 x io~ u 

7 . 

,, Tungstic acid 

+ glucose + 

7*o6x io” 5 

552 x IO -5 


H,O a 

^600 

v'600 


(in presence of 
FeSO«, 7 H a O) 

2*88 x io"® 

225 X I0~* 

8. 

,, Tungstic acid + 

glucose + H a O a 

713 x IO"® 

600 

5 75 x io" s 

V600 

■ 

(in presence of 
CuS 0 4 , 7 H a O) 

2*91 x 10"*, 

2*35 x ro~* 

9 - 

„ Chromic tungstate 

+ glucose + H a O a 
at 366 ftp 

1 69 xi 0 “ 5 

V 22Q 

i’x6x io“ 5 

V 229 



i'4i x io - * 

7*68 x io“ 7 

10. 

„ Vanadic acid sol 

(from acetic acid) 

+ glucose + H a O a 

2‘s6x io -1 * 

1*96 x io" 1 ® 


^307 

^307 



i‘46xio~ 11 

1*12 x JO*" 11 
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Table Vc. 

Observation— V h > V 0 . 

The velocity constant is neither proportional to the intensity of absorb* 
ed radiation nor to the square root of absorbed radiation. 


Serial 

No. 

Ref. to Part 
of this series. 

Comp, of the reac¬ 
tion mixture. 

V, lh . 

v L 11 , . 

(i) 

(a) 

( 3 ) 

( 4 ) 

(5) 

i 

IV 

Vanadic acid sol 
(from HC 1 ) + 
alcohol 

o'gox io -,# 

o' 58 x io - '* 



560 

i'6i x io - '* 

560 

SS 

I^XlO -1 * 



Tablb VI. 



General observation 

-Ft = Fo * 


The velocity 
absorbed. 

of reaction is proportional to intensity of radiation 

(1) (2) 

(3) 

( 4 ) 

(5) 

1 IV 

Molybdic acid 
+ HCHO 

0-067 x io - * 

0*066 x io** 


76-8 

76-8 



87a X IO - ” 

a 

8-59 x io -1 * 

2 IV 

Molybdic acid 
+ glucose 

0 052 XIO - * 

O’0.51 x IO - ' 


76-8, 

76-8 



6 70 v 10“” 

664 X IO - '* 

, 3 IV 

Molybdic acid 
+ alcohol 

o - oi8 x io - * 

o'oi7 Xio - * 


109*8 

109*8 
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Table VI ( conld .)• 


(1) 

(2) 

(3) 

(4) 

(5) 

4 

IV 

Molybdic acid 
+ leucine 

o*n8x io“ 9 

O’116 X lo“* 



433 

433 




2 73 x io“ ls 

2’6S x io -1,1 * 

5 

VII 

Uranic acid 
sol + sodium 
tartrate 

0*157X10“* 

0*165 x lo" # 



300 

300 




5-23 XIO -10 

5*5 xio" 10 

6 

XI 

Uranic acid 
sol + glucose 
+ methylene blue 

0-350 X xo ~ 10 

0750x010" 10 



220 

220 

wm 




i 59 x io -13 

1-59x10““ 

7 

Banerjee Chromic hydro- 
(loc. cit.) Aide + glucose 

+h 2 o* 

3-65 X 10“ ’ 

229 

3-56 XJO-* 

229 




i‘59 x io~ r 

i'55 x io" 7 

8 

»> 

Molybdic acid sol 
-f ethyl alcohol 
+ H a O a 

176 x 10'" 
252'4 

1*76 x io" 10 

252-4 




0*69 x io -12 

0*69 x io" 12 



Table 

VII. 


Serial 

No. 

Ref. to 
Part of 
this series. 

Comp, of Vou/Iov 
reaction 
mixture. 

1 01 //« • 1 i»i 

)//Dl». Ill / IlX. 

(1) 

(2) 

(3) (4) 

<5) 

(6) (7) 

1. 

II 

S**' 095.10— 

0*05; x io" 10 0*70 x I0~ 10 0 *Q 5 x io" 1 



-hglucose XI 3 

113 

113 113 


o'&4 x io -1 ’ o - 84 x io'“_ 0 62 x 10"" o’&4 x io” 1 * 
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(l) 


( 2 ) 


(3) 


Table VII ( conld .). 
(4) (5) 


( 6 ) 


XII Ferric _ 

hydroxide IS. 

+Me-blue 682 682 

+glucose 


(7) 


0145X10" 14 0147 XlO U 


3. Banerjee 
(loc. cit.) 


Tungstic rg 5 Xl0 -» t -56x10 “* 3-38 xio~* 4- 49X10“* 
+ glucose ^58 ^58 ^480 ^480 

+ H 2 0 2 = - 

0-206x10“* o’2o6 x io“* 0-154X10“* 0-204X10"* 


Vanadic 

acid 3 45X10 ... 

+ alcohol ' 526 
+ H 2 0 2 

<Vt r X Tn ” 10 f 


3 53 X IQ' 1 * 2^37 xio“ 


✓ 


526 


526 


3‘3 9 X IQ- 1 * 

**526 


A few important conclusions may be drawn as a result of these inves* 
tigations on the photochemical activity of sols. 

The following sols did not exhibit any circular dichroism when they 
were exposed to d- or /-circularly polarised radiations which they are capable 
of absorbing during the process of aggregation of constituent molecules and 
ions, to form micelles :— 

Molybdie acid, uranic acid and chromic hydroxide. Exposure of 
photo-active systems containing these sols to d- or /-circularly polarised 
light of the same intensity, gave velocity constants of chemical reactions 
w’hich are always the same. 

Sols of tungstic acid, chromic tungstate and vanadic acid behave 
differently. They do not exhibit circular dichroism when during aggregate 
formation they are subjected to unpolarised radiation which they can 
absorb; but when they are exposed to d* or /-circularly polarised light during 
aggregate formation, they show pronounced circular dichroism. These are 
also the sols, which under certain conditions show differential velocities for 
the same intensity of oppositely circularly polarised radiation, w hen they 
form part of a photo-active system. The photosensitive micelles may be 
formed in (a) the reaction mixture containing the sol forming constituents 
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by absorption of radiation during the long period of induction, or in (6) the 
pure sol by long exposure to similar radiations. The pre-activated sol 
formed in the latter case, does not show any induction period when they 
form part of a reacting photochemical system. If during the induction 
period or the process of pre-activation, the system is exposed to unpolarised 
radiations, and then for chemical reaction, it is exposed to d- or /- circularly 
polarised light, no differential velocity of reaction is observed. But if the 
system is exposed to d- or Z- circularly polarised light during the'period of 
induction or pre-activation, and then the reaction is carried in the same 
circularly polarised light, it is observed that the velocities are greater for 
/-circularly polarised light than for d-circularly polarised light. The sol 
systems which show this differential effect are known to contain particles 
which are microcrystalline in structure. It is probable, that circularly 
polarised light exercises a directive influence during the process of formation 
of these microcrystaline photo-active aggregates, and develops an anisotropic 
lattice structure. This anisotropy manifests itself as circular dichroism and 
as a differential velocity effect in photochemical reactions under the influence 
of circularly polarised radiations. When nonpolarised light is used for the 
development of photo-active aggregates, neither circular dichroism, nor its 
differential velocity effect is observed, which indicates that the micro¬ 
crystalline patterns formed under such conditions are isotropic. 


Chemical Laboratory, 
Dacca University, 

Ramna, Dacca. 


Received July 20, 1936. 



SYNTHESIS IN THE ALLOXAZINE, /SOALLOXAZ1NE 
(FLAVIN) AND LUMAZINE GROUPS. PART I. 
SYNTHESIS OF 6- OR 7-PHENYL AND 
6:7-DlPHENYLLUMAZINES. 

By K. Ganapati. 

Ill connection with the investigations on the chemeotherapy of tubercu¬ 
losis, the author required a group of compounds which can stain the 
tubercle bacilli and also possess some specific properties so that their metallic 
salts can be used for intrapcritoneal injections. Compounds of the 
alloxazine (la) and isoalloxazine ( 16 ) groups, the ring structure of which 
has recently been shown by Kuhn, Karrer and others to be present in 
vitamin B 2 (lactoflavin), possess most of the requisite properties (cf- Kuhn 
and Boulanger, Z. physiol. Chem., 1936. 241 , 233). A series of synthetic 
attempts have, therefore, been launched with a view to synthesise compounds 
of these groups, with suitable substituents in the benzene ring, which arc 
expected to possess some specific bactericidal effects. 

Attempts in introducing particular substituents c.g. t I, OH, OR, 
SH, SR., etc-, in the benzene ring of alloxazine or tsoalloxazine according 
to the current methods of Kuhn (Ber. 1934, 67 , 1459 and following papers; 
Kuhling, Ber., 1891, 24 , 2363) or Karrer (Heh. Chim. Acta, 1934, 17 , 1516, 
and following papers) were attended with working difficulties, since 
either the requisite substituted diamines were not easily accessible or the 
corresponding or/Jionitrohalogen compounds could not be employed. 
The synthesis of some derivatives of lumazine (II, Kuhn and Cook, Ber., 
‘*937* 70 , 761), with substituents in positions 6 or 7 or both, was next 
tfndertaken with a view (a) to test whether the phenyl* substituted 
compounds possess properties (physical and physiological) similar to the 
alloxazines and (6) to elucidate whether the particular properties of the 
alloxazines are due only to the lumazine residue itself. 


N NH NH N 



N CO N CO 

(la) 


( 16 ) 
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N NH 

He/**'* :o 



or 


HC 


N NH 

(Ac Aco 


HCV C V 

N CO 


'NH 


(ii) 

Sachs and Meyerheim (Ber. t 1908, 11 , 3965) condensed 3-methyl-4:5- 
diaminouracil and also l:3-dimethyl-4:5-diaminouracil with diacetyl, pyruvic 
acid and mesoxalic acid Abd obtained the corresponding lumazine derivatives. 
Very recently Kuhn and Cook (loc. cit.) have obtained the corresponding 
lumazine derivatives by condensing 4:5-diaminouracil sulphate with diacetyl- 
glyoxal (polymer), methylglyoxal, /J-naphthoquinone and phenanthrene- 
quinone. Some more new compounds of the above type have now been 
prepared by condensing 4 : 5-diaminouracil sulphate with phenyl-substituted 
1:2-diketones. 

Phenylglyoxal hydrate ("Organic Synthesis ", XV, p. 67) was found 
to condense with 4:5-diaminouracil sulphate to give 6- or -7-phenyllumazine 
(III or IV), resembling alloxazine in its physical properties. The work on 
the condensation of various derivatives of phenylglyoxal with 4:5-diami- 
nouracil sulphate as also with 4:5-diaminothiouracil is nearing completion 
and will shortly be communicated. 



N 

CO 

N 

CO 

N CO 

/\c/\ 

^ \/\ 

J\/ \ 

CH i 


Ph'C C NH 

Ph'C C 1 NH 

1 1 

1 N f 

I 

I 

1 II 1 

PhC C 

CO 

1 

1 

HC C CO 

\/\/ 

Ph'C 1 

C CO 

\/\ / 

N 

NH 

\ /\/ 

N NH 



N 

NH 

aii) 

(IV) 


(V) 


Henz.il condenses with 4:5-diaminouracil sulphate furnishing 6:7- 
diphenyllumazine (V). 

The condensation of 4:5-diaminouracil with a series of mono-and di- 
substituted benzils did not proceed smoothly; whereas 3:3'-diiodo,- 4:4'- 
diiodo-, 4:4'-dimethoxy-, 3:3' -dimethoxy-, and 4-methoxy- benzils appear 
to yield only traces of products in unworkable yields and benzpiperil did not 
at all undergo condensation. In the case of the hydroxybenzils, besides bad 
yields, the working up of the products offered additional difficulties. 
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Piperil appears to yield the corresponding 6:7-di-(3:4-methylenedioxyphcnyl)- 
lumazine (VI) in bad yield. 


O 

/\ 

H,C C fl H t N CO 

\/ \^\/ \ 

o C C NH 


C C CO 
HfC C«H, / \/ \/ 
\/ N NH 

O 

(VI) 


Unsuccessful attempts were made to condense phenylglyoxalakloxime, 
benzilmonoxime and piperil monoximc with 4-aminouracil to obtain the 
corresponding lumazines (III or IV), (V) and (VI). Though phenan* 
threnequinone condenses with 4:5- diaminouraeil sulphate to give the 
corresponding g'lio'-phenanthrolumazine in very good yield, all attempts to 
condense phenantlirenequinonemonoxime and 4-aminouracil under a variety 
of conditions ended in failure. 

This and the other allied instances clearly show that although the 
hydrogen atom in position 5 in 4-aminouracil is reactive, yet it does not react 
with the hydroxyl of the oxime gioup. 

The study of the condensation of 4:5-diaminouracil with the various 
benzils indicates that the substituteuts in the benzene ring modify the 
reactivity of the carbonyl groups to a great extent. With a view to find out 
the individual influences of the various substituents, the condensations with 
several benzils are being tried It is quite interesting to note that all the 
benzils (excepting some 2:2'-disubstituted compounds) give the correspond¬ 
ing quinoxaline derivatives with o-phenylenediamine (though the dioximes 
are formed only with difficulty in some cases) which makes it evident that 
the amino groups in 4:5-diaminouracil are not so reactive as those in o-phe- 
nylenediatnine. It is aVj significant that phenanthrcnequinone condenses 
with 4:5-diaminouraeil quite readily to yield the lumazine in quantitative 
yields, whereas benzil does not condense so readily and the yield is not 
so good. 

As a preliminary to the study of similar condensations with the 1:2- 
diketones of the terpene series camphorquinone has been condensed with 
4:5-diaminouracil sulphate to yield 2':3'-caniphorolumazine, which can be 
represented either by (VII) or (VIII), 
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Me 

1 

C N NH 

on/ l\c/ \c/ \co 

CH <CMe,| II 


'{a 

h 


/c\ /C\ /NH 
CH N CO 


(VII) 


Me 

I 

C 


N CO 

\C/\C/ \NH 


CH,/ | \C/ \C/ 

m i 

hc 3 \ I /C\ /C\ /CO 
CH N NH 


(VIII) 


Experimental. 

4:$-Diaminouracil Sulphate .—This compound was prepared according 
to the directions of Kuhn and Cook (loc cit.) and also by the rapid method 
of Bogert and Davidson (/. Amer. Chem.Soc., 1933, 55 , 1667). While the 
former method directly gave a purer product, the latter method gave a 
better yield and is most suited for large scale preparations, since the conver¬ 
sion of cyauoacetylurea into 4-aininouracil according to the fin>t method 
could not be effected satisfactorily in quantities more than 4 or 5 g. at a 
time. 

6- or 7-Phenyllumzinc.— In the preparation of phenylglyoxal hydrate, 
after refluxing acetophenone with selenium dioxide in alcohol for 3 hours, 
the solvent was removed first under ordinary and then under reduced 
pressure, and the resulting thick oil being freed from selenium by careful 
filtration or better by centrifuging, was dissolved in the minimum quantity 
of boiling water and filtered. On cooling the filtrate, phenylgyoxal hydrate 
separated in a crystalline form. 

A mixture of phenylglyoxal hydrate (o*6 g), 4:5-diaminouracil 
sulphate (ro g.), glacial acetic acid (25 c.c.) and water (175 c.c.) 
was gently refluxed for- ;*o minutes when the condensation product 
separated from the clear Solution. After cooling, it w r as filtered (yield, 
0*5 g.) and recrystallised from dilute alcohol when it was obtained as 
glistening red needles not melting up to 330°. (Found: N,22’96. Ci*HaO f N 4 
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requires N, 28*33 Per cent). Some more of the product could be obtained 
from the mother liquors on concentration. A dilute alkaline solution 
of this lumazine shows a green lluorescence. 

The dimethyl derivative of the above lumazine was prepared as follows: 
To the finely powdered lumazine (0*3 g.) was added an ice-cold ethereal 
solution (40 c.c ) of diazomethane obtained from 1*5 n. of nitrosomethylurea 
and the mixture allowed to stand for about 20 hours, first few hours 
being in ice-cold water and then at the room temperature. The ether was 
removed by distillation and the resulting product crystallised from formic 
acid. After three crystallisations the methyl derivative was obtained as 
yellow* needles or prisms, m.p. 278 \ (Found: N, 21*20. C^HisOgN* 
requires N, 20*89 per cent). 

6: J-Diphenylbcnzil .—When a mixture of benzil and 4:5-diaminouracil 
sulphate was refluxed iu glacial acetic acid for 1 hour, the yield of the 
lumazine was not found to be good. By prolonging the heating for 5-8 
hours, the yield was improved and it was considcrabty improved by the 
addition of a little boric acid (Kuhn). The following condition has been 
found to be the best : 

A mixture of benzil (0*5 g.), 4:5-diaminouracil sulphate (0*5 g.), water 
(100 c.c.) and glacial acetic acid (50 c.c.) with a little boric acid was 
refluxed for 5 hours and on cooling the solution a mixture of some un¬ 
changed benzil and 6:7-diphenyllumazine separated, which was collected. 
The former can be freed from the condensation product either by washing 
the mixture thoroughly with carbon tetrachloride 01 by shaking it with 
dilute sodium hydroxide, filtering and acidifying the filtrate (yield, 0*38 g.). 
On recrystallisation from dilute acetic acid, it was obtained as colourless shin¬ 
ing crystals, m.p. 310-315° depending upon the rate of heating. (Found : N, 
17 45. C zk H, 4 (>2N4 requires X, 1772 per cent). It dissolves in dilute 
sodium hydroxide forming a light yellow solution which shows a green 
fluorescence. 

Piptril —Piperonyloin was prepared by Perkin (/. t hem. Soc. t 1891, 
59 , 164) and in trying to oxidise it to piperil by niti ic acid he could not 
obtain piperil. Biltz and Wienands (Annalen, 7899, 308 , 11), however, 
oxidised it by boiling it in an alkaline solution. This method was not 
found to be satisfactory in working with large quantities. The following 
method gave a good yield. 

A mixture of piperonal (30 g.), ethyl alcohol (80 c.c.), water (20 c.c.) 
and sodium cyanide (8 g ) was refluxed on the steam-bath for ij hours, 
a further quantity of sodium cyanide (5 g.) added and the mixture refluxed 
for ij hours more. It was allowed to stand at the room temperature till the 

8 
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liquid at the bottom completely solidified. The filtered product was carefully 
washed with dilute caustic soda and sodium bisulphite solution and finally 
with water and dried, yield 27 g. A mixture of finely powdered copper 
sulphate (42 g.), pyridine (40 c.c ) and water (i6c.c.) was heated on 
the steam-bath with shaking and to the clear solution, piper- 
onyloin ( 2$ g ) was added and heating continued with good shaking 
for 24-3 hours. After cooling, the solution was diluted, filtered and the 
piperil, thoroughly washed free from the copper salt, was obtained as fine 
yellow prisms. Since it is somewhat sparingly soluble in alcohol, it can 
also be purified by boiling it with a little alcohol twice and filtering. The 
product thus obtained melted at 170-71°. 

Action of Piperil on 4 :$-Diaminouracil Sulphate .—The condensation 
of piperil with diaminouracil sulphate was tried by boiling equimolecular 
quantities of the components in a solution of (i) glacial acetic acid for 
2-12 hours, and also in the presence of boric acid and (it) dimethylaniline. 
By working up in the usual way, a small quantity of a yellow product was 
obtained, which showed fluorescence/ in alkaline solution. It crystallised 
from a large volume of boiling water, not melting up to 330°. (Found : N, 
13*72- C2oH 12 O r ,N< requires N, 13*35 per cent). 

2': 3 ’-Camphorolumazine .—A solution of camphorquinone (0*8 g.) and 
diaminouracil sulphate (r 1 g.) in water (125 c.c) and glacial acetic acid 
(50 c.c.) w r as heated under reflux for about 1 hour. Since nothing separated 
on cooling the solution was concentrated to a small volume, diluted a 
little with water and after standing, the separated crystalline product was 
filtered off. The product was treated with dilute sodium hydroxide and 
on acidifying the filtrate, the lutnazine separated in a crystalline form. 
It was collected by filiation and crystallised from dilute acetic acid as 
yellow prisms, not melting up to 320° (Found : N, 19-96. C\ 4 H] 0O2N4 
requires N, 20*58 per cent). It shows fluorescence in dilute alkaline 
solution* 

tfhe author has great pleasure in thanking Dr. P. C. Guha 
for his keen interest in the progress of this wwk. He also thanks the 
authorities of the Lady Tata Memorial Trust for the award of a scholarship 
which enabled him to undertake this investigation. 
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OXIDATION OF HYDROCARBONS IN THE VAPOUR PHASE. 
PART I. AROMATIC HYDROCARBONS. 

By J. K. Chowdhury and M. A. Sahoor 

Iu this laboratory, toluene was oxidised in the vapour phase in the 
presence of certain vanadium and nickel catalysts when satisfactory yields 
of benzoic acid and benzaldehyde were obtained {). Indian Chcm.Soc ., 193*# 
11, 185). This work has now been extended further to aromatic hydrocar¬ 
bons with condensed rings such as naphthalene and phenanthrene. The 
oxidation was carried out in an electrically heated glass tube with primary 
and secondary air as described in the above paper. The products of combus¬ 
tion were collected in successive water-cooled receivers which were further 
cooled with ice iii the case of highly volatile products. 

The following catalysts were used and their preparation is described 
below :— 

(i) Vanadium peutoxide, prepared by heating ammonium metavana¬ 
date, the oxide being fused and obtained in granular form by crushing and 
sieving. 

(it) Tin vanadate» obtained by slowly adding a dilute solution of 
stannic chloride to a solution of sodium metavanadate with constant 
mechanical stirring. A small quantity of asbestos emulsion was added 
to the vanadium solution when an asbestos support was desired. 

(Hi) Manganese vanadate was prepared in a similar manner, manganese 
chloride being used in place of stannic chloride. Pumice was often 
used as a support and was incorporated in the same way as asbestos. 

(iv) Mixed tin and vanadium oxides were obtained by fusing a 
mixture of the oxides in molecular proportion and crushing and sieving the 
mass thus obtained. 

(v) Mixed nickel aud aluminium oxides were obtained by impreKUa- 
ting a mixture of saw dust and aluminium oxide with a solution of mckel 
nitrate aud the mass was carbonised at 8oo° iu hydrogen atmosphere. 
The product was maintained at a dull red heat m air until all the carbon 
was burnt off. 

The activity of the above catalysts with special reference to the yield 
of phthalic anhydride from naphthalene and phenanthrene was studied. 
Variations in the yield of phthalic aubydride were often noticed though the 
catalyst used and the conditions of the different experiments were not 
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varied. This was overcome by avoiding any disturbance of the catalyst bed 
between successive experiments conducted with the same catalyst. 

Oxidation of Naphthalene .—Unlike toluene, naphthalene did not yield 
any aldehyde on oxidation, the main products being phthalic and maleic 
anhydrides accompanied by small amounts of i *.4-naphthaquinone and 
traces of benzoic acid and naphthol while carbon monoxide and carbon 
dioxide were the gaseous products. Phthalic and maleic anhydrides were 
separated by washing with cold water and were estimated by titration. 

The first series of experiments were conducted with a view to determine 
the optimum quantity of air and the rate of its flow. It was found that 
excess of air fovoured the yield of phthalic acid. As large quantities of 
heat were evolved in the reaction, the excess of air served to diffuse the 
heat and prevented abnormal rise of temperature. Variations in the pro¬ 
portion of primary and secondary air did not greatly influence the yield so 
long as the total volume of air was in sufficient excess. Using the same 
catalyst, the quantity and proportion of primary and secondary air and the 
rate of its flow, temperature of the catalyst bed and of the carburettor, the 
size of the catalyst particles and the catalyst space were varied. Of the 
different crtalysts, mixed oxides of tin and vanadium (in molecular propor¬ 
tion) and tin vanadate supported asbestos were found to have the greatest 
activity. Thus a yield of 6i-2%phthalie anhydride (calculated on the 
amount of naphthalene used) was obtained with mixed oxides of tin and 
vanadium (unsupported) as catalyst under the following conditions: 


Diameter of catalyst tube (glass), 
Catalyst space 
Air ratio 
'Pimc of contact 
Carburettoi temperature 
Temp, of catalyst bed 
Naphthalene attacked 
Yield of phthalic anhydride 


... ]-5cm. 

... 6.3 cc. 

3 times of the theoretical. 
... 0*32 sec. 

.. 172 

2yo‘ 

• 59 % 

... 90%. 


As lower furnace temperatures, the product became yellow on account 
of a higher yield of uaphthaquinone while with a longer time of contact 
(5 sec.) and at the same temperature a higher yield of maleic acid (8*2%) 
was obtained. With a shorter time of contact, the yield of phthalic anhydride 
was better but a large amount of naphthalene escaped unoxidised Thus 
under the conditions noted above, only 59% of the naphthalene used was 
attacked and hence the actual yield of phthalic anhydride obtained was 90% 
of the theoretical yield. When tin vanadate (unsupported) was used as 
the catalyst* the maximum yield of phthalic anhydride obtained was 51*2% 
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calculated outlie naphthalene used hut when the same catalyst was mounted 
on asbestos, the yield increased to 60%. 

Using manganese vanadate supported on pumice as the catalyst and 
varying the different conditions, a maximum yield of only 30% 
of phthalic anhydride and 12% of maleic anhydride could l>e obtained. 
Apparently manganese vanadate is more drastic in its action and 
oxidises phthaiic anhydride furtliei to maleic anhydride and carbon 
dioxide. 

It may be observed that the catalysts, mixed oxide of tin and vanadium 
and tin vanadate-asbestos, were used m 15-20 consecutive runs without 
any appreciable loss of efficiency. The best yields were obtained in the 3rd 
to the iotli run. 

Oxidation of Phenantlucne .—The principal product phthalic anhydride, 
obtained in the catalytic oxidation of phenanthrene, was contaminated with 
traces of maleic anhydride, naphthaiic anhydride, quinonc and phenan- 
tlirol. Unlike liquid phase oxidation which attacks the middle ring and 
gives diphenic acid, it is the side ring which is succeptible to gaseous phase 
oxidation. T:4-Phenanthaquinone was identified by colour reactions, t.c., 
(t)with concentrated sulphuric acid green colour was obtained and ( ii ) with 
Lanbaheimer colour test which consists in treating acetic acid solution 
of the quinonc with toluene containing thiotoluene. With sulphuric acid 
bluish green colour is obtained, when shaken with ether, red-violet colour 
is obtained. 

The carburettor temperature was maintained at a higher level and 
the arm of the carburettoi and the exposed portion of the reaction tube were 
heated by means of nichrom w ire to about 350' to prevent any deposi¬ 
tion of phenanthrene. l T sing the tin vanadate-asliestos as the catalyst, 
a maximum yield of 22*35°b phthalic anhydride was obtained under the 
following conditions. 

Diatn. of the reaction tube, 15 cm. Time of contact, 0-35 sec. 

Catalyst space, 12s cc Carburettor temp , ic/>° 

\ir ratio, 3J times of the theoietical Catalyst temp 420 *. 

Lower temperatures and shorter time of contact favoured the formation 
of quinones which turned the product yellow. At higher temperatures, 
colourless products free from quinones were obtained. As in the case of 
naphthalene, a large excess of air was necessary to diffuse the heat of the 
reaction and prevent abnormal rise of temperature. On account of a large 
number of rings to be opened up, the yield of phthalic anhydride is naturally 
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less than m the case of naphthalene and a large amount of the hydro¬ 
carbon is completely burnt off to carbon dioxide. By careful fractional 
crystallisation of the oxidation products, a beautiful orthorhombic crystal¬ 
line substance was obtained which from its acid character, m.p. 175 0 and 
molecular weight 195*2 (cryoscopic method) was identified as naphthalic 
anhydride. It was evidently formed by the opening up of the side ring of 
phenanthrene nucleus. 

Mechanism of Oxidation .—The formation of the various intermediate 
products, t.e., traces of naphthol, 1.4-naphthaquinone, phthalic anhydride, 
benzoic acid and maleic anhydride and carbon dioxide formed in the 
oxidation of naphthalene may be explained by the following 
scheme of reactions with the help of the hydroxylation theory of 
Bone : 


n 


iA 
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co 


co 


CH.CtX 
HI > 
CH.ar 
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OH 
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C 6 H 5 COOH 
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OH 


CO 



./ 
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/HOOCC'COOH\ 

11 

Vhoocccooh/ 


COOH'COOH 


CO* + CO 


It may be observed that only/>-quinone (i 4) was identified and no 
other quinone could be detected. It is, therefore, assumed that at 
high temperatures, hydrogen atoms in paia position are preferentially 
hydroxylated. 

Before the rupture of the naphthalene nucleus took place only 
naphthaqulnone and minute traces of naphthol were the products that 
could be detected, the dihydroxy naphthols w ere extremely susceptible to 
oxidation and hence their presence could not be detected. No benzene or 
benzoquinone were found which seems to indicate that phthalic anhydride 
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is directly oxidised to maleic anhydride by the rupture of the benzene 
nucleus followed by partial decarboxylation and that the oxidation does not 
proceed through benzene and benzoquinone. 

In the case of phenanthrene the course of the oxidation may be represen* 
ted by the following scheme :— 



HC-C()v 

|| >0 —> HOOC'Ct)OH —► C0 2 + C0 

HC-ar 


Before the rupture of the phenanthrene nucleus takes place, phenanthra- 
quinone is obtained by the oxidation of the side ring. This assumption 
is justified by the fact that no diphcnic acid could be detected while 
naphthalic anhydride was isolated and identified. This may also be explained 
by the preferential formation of f>-quinones which is possible only with the 
side ring. It may be pointed out that the simultaneous oxidation of the 
two side rings would yield benzene-tetracarboxylic acid whose presence 
could not, however, be confirmed. It is, therefore, reasonable to assume 
that once the oxidation begins in a side ring, it travels to the adjoining 
rings and ruptures them successively before phthalie anhydride is formed. 
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OXIDATION OF HYDROCARBONS IN THE VAPOUR PHASE. 
PART II. HYDROAROMATIC HYDROCARBONS. 

By J. K. Chowdhury and M. A. Saboor. 

Though hydroaromatic hydrocarbons form an important link between 
aromatic and aliphatic series, their oxidation does not appear to have 
received much attention. Jorden (/. Chem. Met . Soc . S. Africa , 
1932, 32 , 248) reported the formation of small amounts of acraldehyde 
in the vapour phase oxidation of cyclohexane, using manganese vanadate 
as the catalyst while Yokoyama (Bull. Chem . Soc Japan , 1933, 

8, 71) obtained various aliphatic dicarboxylic acids by electrochemical 
oxidation of rydohexanc at low temperature. Tetrahydronaplithalene 
was oxidised in the vapour phase by Maxted (J. Soc. Chem. lnd., 1928, 
47) and by Green (ibid., 1932, 159T) who obtained good yields of phthalic 
anhydride and found traces of naphthalene in the oxidation product. 

The arrangement described in Part I was used in the oxidation of these 
hydrocarbons. When the hydrocarbons or their oxidation products were 
very volatile, the carburettor temperature and the rate of air-flow had to be 
carefully regulated and the products were cooled with ice-water in two 
successive coolers and the receiver was covered with wire gauze to avoid 
any risk from explosion. The uncondensed gases were led through water 
in succession washers to ensure complete absorption. 

Oxidation of cyclo Hexane. —The temperature of the catalyst bed was 
not raised much above 400° on account of the danger of ignition. The 
condensate was at first light yellow in colour but became cherry red on 
exposure to air and light, and had an acrolein-like penetrating odour. 
It responded to tests for aldehydes, acids, unsaturates and peroxides. 
Amongst aldehydes, acrolein and acetaldehyde and amongst acids, acetic 
and pyruvic acids were indentified. It may be noted that formic acid, 
formaldehyde, cyc/ohexanol and cyclohexane could not be detected The 
gaseous products of oxidation contained large amounts of carbon monoxide 
and carbon dioxide. No hydrogen or hydrocarbon was found. 

The individual substances in the oxidation product were identified as 
follows : 

(i) Acetaldehyde. —The liquid condensate was distilled and the presence 
of acetaldehyde in the distillate was confirmed by (a) iodoform test, ( b) 
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Nesder s solution and, ( c) colour test with sodium nitroprusside and piperi¬ 
dine in alkaline solution. 

(tt) Acrolein was detected as a volatile substance Having unsaturation 
and reducing properties and irritating the eyes. 

(Hi) Acetic acid .—The distillate was neutralised with sodium bi¬ 
carbonate, decolourised with a little animal charcoal and the presence of 
acetic acid was confirmed by the cacodyl oxide test. 

(tv) Pyruvic acid .—The presence of this acid was unexpected at it 
escaped the notice of other workers. Its presence in the sodium salts was 
established by the following tests: (a) iodoform test, (b) reduction of 
ammoniacal silver nitrate, (c) oxidation by potassium permanganate (d) 
colour test with £-naphthol-sulphuric acid, (e) colour test with phloro- 
glucinol-hydrochloric acid and (/) evolution of C 0 9 by the action of 
hydrogen peroxide. 

(v) Peroxides .—The presence of peroxides was suspected from a small 
explosion in the receiver and was indicated by the evolution of iodine from 
potassium iodide. 

The aldehydes were quantitatively estimated by means of sodium 
bisulphite and are expressed in terms of equivalent iodine, acids by titsa* 
tion in terms of succinic acid and peroxides from tHe amount of iodine 
evolved and are expressed in terms of equivalent oxygen. 

When tin vanadate was used as the catalyst, the oxidation began at 
about 200° but at too high a temperature, i. e. f above 400° it tended to 
burn, sometimes with a flame and formed large quantities of carbon dioxide 
and monoxide, the ultimate products of oxidation. Even at moderate 
temperature only small amounts of intermediate compounds were obtained, 
a large portion being completely burnt oS. If cyclohexane be passed 
through the reaction tube, either empty or filled with pumice only, Ijo 
intermediate product was obtained m appreciable yield, but the interfile* 
tion of tin vanadate improved* the yield of intermediate products and 
lowered the temperature of reaction. Careful regulation of temperature 
and introduction of large ^uantiHesof air found to have grot* influ¬ 
ence on the nature and yield of the intermediate products. The curves t$ 
n, and IH (Fig. 1) will show how the yield of acids increased with the 
increase in air supply* the maximum yield being 4% acids (calculated as 
succinic acid) at a temperature of 310°. Excess of air disseminated the 
heat of reaction and thus improved the yield of acids. The higher rate 
of flow of air also shortened the time of contact and thus prevented 
complete oxidation. It was found that moderate temperatures (a5o°-340°) 
favoured the formation of acids and peroxides, while higher temperatures 
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(350°-420°) favoured the formation of aldehydes and unsaturates, the 
carburettor temperature remaining constant at 25°. This may be due to 

(1) decomposition of the peroxides at a higher temperature producing aide. 

hydes and (2) preferential combustion of hydrogen in comparison to carbon 
of the hydrocarbons, thus producing unsaturates. 

The peroxide content of the product remained unchanged for about 
24 hours but slowly changed on prolonged standing with increase of alde¬ 
hydes, while the acids remained practically unchanged. The figures 
'in Table I indicate changes in the composition of three separate samples on 
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allowing them to stand in air for three weeks. The increase in aldehyde 
content may be explained by the decomposition of peroxides of unsaturated 
hydrocarbons. 

Table I. 

Sample I. Sample II. Sample EEL. 



Initial. 

Final. 

Initial. 

Final. 

Initial. 

Final. 

Acids 

0*0803 

0*0875 

0*3250 

0*3259 

0*2006 

0*2019 

Aldehydes 

0*4666 

<>* 545 6 

0 2857 

0*2903 

<>•3220 

0*3401 

Peroxides 

0*0866 

0*0394 

0*0930 

0*0462 

o*o 77 o 

0*0370 


Oxidation of Decahydronaphthalene . 

The decalin used in these investigations was purified by distillation 
before use. The general arrangement was the same as in the previous cases 
and tin vanadate supported on asbestos was mostly used as the catalyst. As 
in the previous cases, a large excess of air was necessary to dissipate the 
heat of reaction. The following substances were found in the product of 
oxidation : phthalic anhydride, maleic anhydride, succinic acid, naphtha- 
quinone, formaldehyde, carbon monoxide and carbon dioxide. 

In order to obtain the maximum yield, various conditions such as 
quantity of air used, the rate of flow, temperature, etc. were varied and a 
maximum yield of 37*48% phthalic acid was obtained under the following 
conditions : 


Dkm. of the reaction tube, 1-5 cm. Time of contact, 0-32 sec. 

Catalyst space, xa c.c. Catalyst temp., 320*. 

Air ratio, 3 times of the theoretical Carburettor temp., 80". 

Thus it will be seen that under approximately the same conditions but 
with varying temperatures, the maximum yield of phthalic acid obtained from 
naphthalene, phenanthrene and decalin are 60*01%, 22*35% and 37 * 48 % 
respectively, the yield being intermediate in the case of decalin. This is to 
be expected not only from the molecular structure of the three hydrocarbons 
in relation to phthalic add but also from their heat of reaction which along 



642 


J. K. CHOWDHURY AND M. A. SABOOR 


with the high temperature necessary in case of phenanthrene makes the 
control of the process very difficult. 

Mechanism oj Oxidation .—The oxidation of these hydrocarbons appears 
to follow a somewhat different course from the oxidation of aromatic 
hydrocarbons. The intermediate products obtained from cyclohexane are 
unsaturates, peroxides, acraldehyde, pyruvic acid, acetaldehyde and acetic 
acid while any cyclic alcohol or ketone or formaldehyde could not be 
identified. This may be represented by the following scheme :— 



Ho 



H* 

O—Hj^JH—O 
H* 


O—His 


I 

o 


CHOCH 



(COOH -CHa -COOH)—>-CH 3 *COOH 
CH 3 -CO-CHO—*CH 3 CO-COOH 


—>CH s -CHO 


As benzene and its usual oxidation products could not be found, it is 
assumed that the oxidation does not appreciably proceed through benzene 
and maleic acid. 

In the case of decalin, the following products were identified 
phthalic acid, maleic acid, succinic acid, benzoic acid (traces), 1 ^-naphtha- 
quinone and formaldehyde- Their formation may be explained by the 
following scheme 
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HOOC-CHCOOH) 


CH 9 -COOH 


HOOCCH-COOH/ CH9COOH 
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VARIATION OF THE ABSOLUTE RATES OF MIGRATION 
AND TRANSPORT NUMBER OF ELECTROLYTIC IONS 
WITH DILUTION. 

By N. C. Sen-Gupta and S. K. Mitra. 

Onsager (Physik. Z., 1926, 27 , 388 •, Trans. Faraday Soc., 1927, 23 , 
341) has deduced equations for the equivalent conductivity and ionic 
mobility in dilute solutions of strong electrolytes. The equations are free 
from arbitrary constants and the conductivities can be easily evaluated 
with the help of them. A limiting equation for the transport number 
can also be deduced from the equations of Onsager (/or. cii.). The 
conductivity equation has been found by Shedlovsky (/. Amer. Chew. Sac., 
1932, M, T411) to be valid for uni-univalent electrolytes upto a concentra¬ 
tion of about ooooi/V. The researches of Mclnnes and co-workers (Client. 
Rev., 1932, 11 , 171) have also shown that the transport number equation 
holds for uni-univalent electrolytes in dilute solutions. 

The absolute velocities and transport numbers of the anions of aqueous 
solutions of KC 1 , KNO s , and K 2 SO* have been measured at concentrations 
ranging between o-o4iV and o-ooiN by the method of moving boundaries 
using Mukherjee’s cataphoretic tube. The results have been discussed in 
the light of the limiting equations of Onsager (loc. cit.). 


Theoretical. 


If/ r represents the mobility of an ion at a concentration C, and /„, the 
same at infinite dilution then according to Onsager (loc. cit.) 


/,=/„- 


0-9838 x 10“ 

t nrr 12 


wl„ + 


28-95 %t 

(DT)' II .’i 


V(/,+/ 2 )C 


(0 


where P is the dielectric constant of the solvent, T, the temperature; 
y. t is the charge carried by the particular ion; •? is the viscosity of the 
solvent; C is the equivalent concentration ; 7 . , and 7 % are the respective 
valencies of the anions and the cations: 


w = 7 \ 7 .2 


2 q 

1+ q 


; and q= 


ZjZtlP. + P.) 
lZ t +Z t ){Ztf.+7iP,) 


where /'„ and l\ are the limiting mobilities of the cations and anions. 
The equation may be put in a simpler form as 
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l e =l 0 -(al 0 +/3)Jc - (it) 

For uni-univalent electrolytes at 35° the equation reduces to 
h =/, —(o‘i68 L + 27-iUTc. 


For the sulphate ion in the uni-bivalent electrolyte K2SO4, the relation is 
h =lo “(0-307 /.+54'2) 

The equation for transport number deduced from the relations of 
Onsagei is of the following form 



T*( 7 ,+Z # )- 7 , 


+>• 


(m) 


where T, represents the cation transference number, Ao.the equivalent 
conductivity of the electrolyte at infinite dilution and /? is the constant 
of Onsager’s equation equals to 27-1 for dilute aqueous solutions at 35 0 . 


Experimental. 

Recrystallised potassium iodoeosinate at suitable concentrations has 
been used as the indicator solution. All the solutions have been prepared 
by direct weighing with pure conductivity water having specific conduc¬ 
tivities lying between 1*2*10“° and i *3< io “° mho (For detailed des¬ 
cription of the procedure compare Sen-Gupta (This issue, p. 685). 

Solvent Correction That the transport number measurements in dilute 
solutions must be corrected for the conduction of the solvent impurities was 
first pointed out by Longsworth {J . Amer. Chew Soc. t 1932,54, 2741). 
Longswoith derived the following relation between YYonected and 

T observed 


Toot = Tnb« ( 1 + 




iiv) 


where /w represents the conductivity of the water used and K» that of the 
solution. The relation is only approximate since the conductivity of the 
solvent impurities is influenced by the electrolyte dissolved in w r ater. No 
solvent correction is, however, necessary for the measured absolute velocity 
of ions. 
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R e s u i. t s and Disc r s s ion. 

Taui.e I. 

I 'ariation of the velocity and transport number of the chlorine 
ion in potassium chloride with dilution . 

Temperature = 35 °. 


Salt cone. 

7 \i . 

T , 1 (cor.) 

l\.i X lo fl . 

F„i xio r ‘ 



(mean). 


(mean). 

004N 

0*503 


*3*5 cm./see, 



0*504 

0*504 

83*6 

#3*5 nn./sec. 


0*504 


83*6 


002 N 

0*502 


864 



0*504 

0*503 

861 

86*3 

001 N 

0*503 


88*4 



0*503 

0*503 

88*3 

S8*4 


0*503 


88*4 


0 005N 

0*503 


90*0 



0*504 

0*504 

901 

90*1 


0*504 


90*1 


0 002N 

0*500 


oi *8 



0*501 

0*503 

91 *6 

91 6 


0*500 


91 6 



0*5* H * 


91*6 



()*5CJO 


91*7 


o*ooiN 

0*498 


9**4 



0*500 

0-504 

. 92*4 

92*4 


0-500 


92-2 



0*499 


92*0 



0-499 


92*6 





92*3 


Limit at infinite 
dilation 

From graph 

0*503 

— 

94*3 
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Table II. 

Variation of the velocity and transport number of the nitrate 
ion in potassium nitrate with dilution• 
Temperature* 35". 


Salt com*. 

1 

T (cor.) 
(mean). 

V x io 6 . 

NOj 

F xiofi 

N03 

(mean). 

0*04 N 

0*481 

0*481 

75*0 cm./8ec. 

75*0 cm./sec. 

0*02 N 

0.483 

0*483 

78*6 

78*6 

o-oiN 

0*484 





0-485 

0*485 

81*8 



0-485 


82*0 

82*0 




82*1 


0*005 N 

0-487 


83*3 



0-487 


83*5 



0-487 

0488 

83*3 

83*3 


0-488 


83-3 



0-487 


83-3 



0*488 


83*5 


o*ooi N 

0-48? 

0-487 

0-490 

86*7 

86*3 

86 7 3 

Limit at infinite* 
dilution 

From graph 

o-4qo 


88*6 



°'5 I 7 


8i-4 
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Slat cone. 

7 so 4 . 

Table III ( contd .). 

7 So 4 . ,CHr > 

1* * 10*. 
so 4 

V So 4 * 1C >- 

0*02 N 

0-516 

(mean). 

81 4 

(mean). 


0*515 


81 *3 



0-516 


8 i -4 


o*oi N 

0.511 


83*9 



0-511 

0-511 

837 

83*8 


0-510 


83*8 


o*oo $N 

0-504 


86*8 



0*505 


86*8 



0.504 


87.0 



0*506 

0*506 

87*0 

87 0 


0*505 


87*2 



0-506 


87*0 



0505 


868 



0*506 


• 87*2 


0*002 N 

0*502 


91*2 



0505 


91*3 



0504 

0*505 

9i*3 

9i*3 


0*504 


91*2 



0*504 


&3 



0*505 




o‘ooi N 

0*500 


93* 2 



0*501 


93 0 



0*500 

0*505 

93'i 

93*i 


0*501 


93*2 



0*501 


93*2 



0*502 




Limit at infinite 
dilation 


0*509 


97*5 


It will be that jvhen the velocity l, IF is plotted against >JC a straight 
plot js obtained up to a dilution of o'oiN in the case of the chloride and 
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the nitrate and up to o'oo5iV in the case of the sulphate. The deviation 
in concentrated solutions is very large in the case of the sulphate. The 
slopes of the limiting curves can be calculated from the equation of 
Onsager. The following table contains the calculated and the observed 
values. 



0*3 0*2 


^Coti c. (g. equiv./littc\ 


Rlcc*roh U 
KC1 


Tahle IV. 

Ohs slope x 
6o 


a + B 
f 
6 o 


x jnS, 


KNO3 72 5 y*3 

KjS 0 4 I47 I45 


Onsager and Fuoss (/. Phy a. Chan., 1932, 36 , 2689) suggested an 
extrapolation of the limiting equation in the follow ing form 


/ e = io — A »JC 4 - B.C 


(v) 


where A equals a / D + ft and B is an arbitrary constant. 

l c + A VC is plotted against C in order to evaluate the constant B 
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Table V. 

/. +A %'(' 



()•<»! 0 02 0-03 0*04 
Cone. \f>. equivjlihc). 

From an examination of the curves (Fig. 2) it will lv seen that 


the extrapolated equation of Onsager holds good for the case of chloride 
and sulphate between o‘oi\ and 0*04^, while the plot is irregular 
with the nitrate for which Jl has a negative value showing the peculiar 
character of the nitrate ion. 


In Fig. 3 are plotted the cation transport numbers of KC 1 , KNO,, and 
K 2 S0 4 together with the results obtained by Mclnnes and co-workers 
Hoc. cit.) at 25° on KC 1 , KNO3 and Na 2 S 0 4 . The dotted curves represent 
the theoretical lines. It will be seen that the limiting slope is only 
attained in the case of the nitrate and the sulphate at the highest dilution 


observed. • 


• Taken from the transport number data of Longsworth (J. Atnvr. Client. Sac., 1035, 
37 , 1185) and the conductivit\ data 0/ Shedlovsky (lot cit.) 

f Hartley and Donaldson iTtans. Faraday Sot., 1037, 457 ) have recently measured 

the transport numliers of certain unsvmmetrical electrolytes including K 2 S 0 4 and 
‘bserved that the limiting slope is attained in everv caae at the highest dilution observed 
by them. 
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0*025 0*075_ 0*125 0-175 0*20 o‘22 

•JConc. (g. equiv.f litre). 

Summary. 

1. The variation of the transport numbers and absolute rates of 
migration with dilution has been measured in case of KC 1 , KN 0 3 and 
KjSO* between dilution 0*04 N and o-ooi N. In the most dilute solutions 
the limiting equations of Onsager have been shown to hold good. 

2. Between dilutions 0*005 N and o*o4N the modified equation of 
Onsager and Fuoss has been shown to hold for the case of the chloride 
ion and approximately for the sulphate but not for the nitrate. 

# 3. In the case of the nitrate and the sulphate, the transport number 
curves reach the limiting slope only at the highest dilution (0 001N) used by 
the authors. In the case of chloride the transport number is almost constant 
within the range of experimental error. 

Our best thanks are due to Professor J. N. Mukherjee, D.Sc., for his 
suggestions and interest in this work. One of us (N.C.S.) also takes this 
opportunity to thank the University of Calcutta for granting a research 
scholarship under Professor J. N. Mukherjee during the tenure of which 
this work has been carried out. 

Physical Chimistry Laboratory, 

University Colug* of Scunci Received September 25,1937. 
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EXPERIMENTS ON RESOLUTION OF CO-ORDINATED 
INORGANIC COMPOUNDS INTO OPTICAL ISOMERS. 

PART II. CO-ORDINATED ZINC COMPOUNDS 
WITH ACTIVE AND RACEMIC PROPYLENE- 
DIAMINE. 

By Panchanan Nkogi and Kanai Lai, Mandal. 

In this paper complex tiipropylcncdiamine zinc salts have been 
prepared with three varieties of propylenediamine, d , I and r. Attempts 
to resolve the racemic compounds have so far not been successful. 

Regarding the complex compounds of zinc with d- and /-propylene¬ 
diamine, /-propylenediamine gave /-compounds and d-propylenediatnine 
gave d-coinpounds. Similar results have been obtained in the case of 
complex compounds of cadmium with d- and /-propylenediamine (Neogi and 
Mandal, /. Indian Chcm . Soc., 1036, 13 , 224). 


Experimental. 

Zinc tripropylcncdiamine chloride was obtained by adding 20 g. 
(70% solution) of propylenediamine in small quantities to a well-cooled 
solution of anhydrous zinc chloride(io g.). A white, precipitate which 
appeared at first, gradually dissolved and a clear solution was obtained. The 
solution deposited crystals on keeping in a vacuum desiccator for several 
days. The complex chloride was crystallised from a mixture of equal parts 
of water and alcohol. It is soluble in water but insoluble in acetone. 

{Found : N, 23*75 ; Zn, 18*15. [Znpn 3 ]Cl 2 requires N, 23*46 ; Z11, 18*15 

per cent}. 

Zinc tripropylenediamine bromide was precipitated from a con¬ 
centrated solution of zinc tripropylenediamine chloride by adding a 
solution of potassium bromide. It crystallised from a mixture 

of alcohol and water. The bromide is less soluble in water than the 

corresponding chloride. (Found: N 18*53 ; Z11, 14*39. fZnpn 3 ] Br* 

requires N, 18*8 ; Zn, 14 54 P er cent }* 

Zinc tripropylenediamine iodide was obtained as a precipitate by 
adding a saturated solution of potassium iodide to a concentrated solution of 
zinc tripropylenediamine chloride. It crystallised from a mixture of 
water and alcohol. The complex iodide is sparingly soluble in water. It is 

2 
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soluble in acetone. {Found : N, 15*46 ; Zn, 12*4. pZnpns] I2 requires N, 
15*52; Zn, i2*oi per cent}. 

Zinc tripropylenediamine thiocyanate , prepared by the action of 
potassium thiocyanate on the chloride, was crystallised from a mixture of 
water and alcohol. {Found : N, 28*1 ; Zn, 16*03. [Znpn 3 ] (CNS)2 requires 
N, 27*8 ; Zn, 16*13 Per cent}. 

Zinc tripropylenediamine camphor sulphonate was obtained by adding 
a solution of the silver salt of camphor sulphonic acid to a solution of zinc 
tripropylenediamine chloride till silver chloride ceased to be precipitated. 
The mixture was filtered, and fractionally crystallised in a vacuum desicca¬ 
tor. After prolonged drying in a vacuum desiccator, the first fraction was 
analysed. {Found : N, n’14 ; Zn, 8*87. [Znpn 3 ] (C X oH 16 S0 4 )2 requires 
N, n*2 ; Zn, 8*68 per cent}. Other fractions gave similar analytical 
results. The value of [a]M’ for the first fraction in a 5% solution in 2 dcm. 
tube was+22*2°. Other fractions yielded similar rotations. The complex 
salt obtained after removal of the residue was found to be inactive. 

Zinc tripropylenediamine bromocamphor sulphonate .—To a solution of 
zinc tripropylene chloride, a solution of the silver salt of d-bromo- 
camphor sulphonic acid was gradually added till it ceased to give a precipi¬ 
tate. The mixture was filtered and the filtrate evaporated in vacuum and 
fractionally crystallised. After prolonged drying in a vacuum desiccator, 
the first fraction was analysed. 

{Found: N, 9*48 ; Zn, 7*21. [Znpn a ] (C 10 H u Br S0 4 ) 2 requires N, 
g‘26 ; Zn, 7*17 per cent}. Other fractions also gave similar analytical results. 

The value of [a] for the first fraction was+47°. Other fractions 
showed similar rotations. The complex salt after removal of the active 
residue was inactive. 

Zinc Tripropylenediamine Tartrate. —A concentrated solution of 
zinc tripropylenediamine chloride (5 g.) was triturated with silver 
tartrate (5 g.) and the extract with hot water evaporated in vacuum and frac¬ 
tionally crystallised* After prolonged drying in a vacuum desiccator the first 
fraction was analysed and its rotation determined. {Found : N, 19*55 ; 
Zn, 14*66. [Znpn 3 ] (C 4 H 4 O n ) requires N, 19*31 ; Zn, 14*94 per cent}. 
Other fractions also gave similar analytical results. A 5% solution gave 
[«1 n° = 4-27*8°. Other fractions gave similar rotations. The tartrate 
when converted into the corresponding chloride was found to be inactive. 

Zinc 1- tripropylenediamine chloride was obtained by combining zinc 
chloride with J-propylenediamine prepared from racemic propylene dia¬ 
mine (c/. Baumann, Ber., 1895, 28 , 1179; TSchugaeff, ibid., 1907, 10 , 3461; 
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1909, 42, 55). (Found : N, 23*40 , Zn, 18 28. Calc. : N, 23*46 ; Zn, 18*15 
per cent). 5% solution in water gave [a]V = — 48*5, [M] = —173*6- 

Zinc 1 -tripropylcncdiaminc bromide was prepared as the r-variety. 
(Found : N, 18*96 ; Zn, 14 55. Calc. : N, 18*8; Zn, 14*54 I>er cent). 5% 
solution gave [a]=+45 0 , [M] =-20i’i°. 

Zinc 1- tripropylcncdiaminc iodide was prepared in the same way as 
the inactive variety. (Found : N, 15*38 ; Zn, 11‘78. Calc. : N, 15 52 ; Zn. 
12*01 percent). 5% solution gave |«J = — 39*2°, [M] = —212 0 . 

Zinc l-tripropylcnediaminc thiocynate was prepared in the same way 
as the corresponding inactive compound. (Found : N, 2764 ; Zn, 160. 
Calc. : N, 27*8 ; Z11, 16*13 per cent). 5% solution gave [*]*»- -43*7°> 
[M] = —176*1. 

Zinc d-tripropylcncdiaminc chloride was prepared from zinc chloride 
and d-propylenediamine (prepared from r-variety, r/., Baumann, loc . cit., 
Tschugaeff, loc. cit.). \Fouud ; N, 23 33 ; Zn, iS 31. Calc. : N, 23 46 > Zn, 
18*15 per cent). 5% solution gave [ a ]V— 4 *44 8°, [M]= + i6o4. 

Zinc d- tripropylcncdiaminc bromide was prepared as the corres¬ 
ponding /-bromide. /Found : N, 19*11 i Zn, 14 35- Calc. : N, 18 S , Zn, 
14 54 per cent). 5% solution gave [«]'“ = +44°* [M] = + i9& 7- 

Zinc d-tripropylcnediamine iodide was prepared as the corresponding 
/-iodide. (Found : N, 15*60; Zn, 12*24. Calc. : N, 15*52 ; Zn, 12*01 per 
cent). 5% solution gave [a]*,, 0 - + 3^*6. [Mj= +208°. 

Zinc d-tripropylenediaminc thiocyanate was prepared as the /-thio¬ 
cyanate. (Found : N, 27*82; Zn, 1610. Calc. : N, 27*8; Zn, 13*13 Per cent). 
5% solution gave [<*] d° ■ + 4*> [M] — +165 2. 

C S«S Sepiember ,w - 

Calcutta. 



THE REDOX POTENTIAL OF LACTATE- 
PYRUVATE SYSTEM. 


By S. C. Gangulx. 


The lactate-pyruvate system is directly involved in the carbohyrate 
metabolism of living systems. Consequently it has been the* subject of 
study of many authors. Its redox potential has been measured by Barron 
and Hastings (/. Biol . Chcm ., 1933. 107 , 567), Banga, Laki, and Szent- 
Gyorgyi (Z. physiol Chem ., 1933, 217 , 43), Wurinser and Myer-Reich 
(/. chim* phys. t 1933, 30 , 429) and Baumberger, Jurgensen, and Bardwell 
(/. Gen. Physiol, 1933, 10 , 961). These authors have shown that in presence 
of suitable enzymes and electromotive activators this system behaves 
reversibly and a stable electrode potential is obtained at an inert electrode. 
The electrode reaction is given by the equation :— 

Pyruvate + 2H^ + 26 Lactate 


and the electrode potential is given by 


F =K - 1 (lactate') 

F " 2 F n (pyruvate') 





X K, + (H+) 
Kp + (H + ) 


} 


where K P and K1 are the dissociation constants of pyruvic acid and lactic 
acid respectively. K* is 3*2 xio“ 3 and K t is i‘55*io“ 4 . ‘E’ is the 

Borsook normal potential which is related with Clark normal potential E 0 by 
the relationship, 


£0 = E + In 
2 F 


K p 
K, ' 


The value of E 0 found by Banga (cl al), Wurmser (cl al) and Barron and 
Hastings is + 0*288 volts, whereas Baumberger and co-workers have found 
E 0 = + 0*316 volts. 

All the above investigations were complicated by the facts that - 
(a) some enzymes were introduced in the system whose behaviour towards 
electrodes is not very clearly known, ( b ) some dyestuffs were introduced. 
Barron and Hastings in order to account for the discrepancy state that 
" The discrepancy between the values given by Baumberger, Jurgensen 
and Bardwell for the normal potential of the system under consideration 
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(+ o 316 volts) and the concordant values obtained by Wurniser and Meyer* 
Reich, Banga, Laki, and Szent-Gyorgyi, and ourselves is probably due to 
the use of a dye as the electroactive mediator of too positive a potential/ 
compared with the potential of lactate-pyruvate.* It was thought by the 
present author that if the potential of the lactate-pyruvate system could 
be measured without the introduction of these complicating factors, then a 
choice could be made between these two values. 

The electro-reduction method describ'd by Ghosh, Raychaudhuri, 
and Ganguli (]. Indian Chan . Soc., 1032, 9 , 43), was considered suitable for 
the end in view. Pyruvic acid was partially reduced clectrolytically in 
absence of oxygen at a mercury or platinum cathode and the potential of 
the polarised electrode was measured from time to time against a A’/10 
calomel electrode. After 6-S hours a limiting potential was obtained 
which was steady for more than j hour. It was found that this 
limiting potential could be expressed by the usual thermodynamic 
formula. The value of E 0 obtained was + 0*325 volts at 30°, 
rather higher than the value obtained by any of the previous 
authors. Measurements were made both at mercury and platinum 
electrodes. But whereas the reduction of pyruvate to lactate took jdacc at 
a Hg-cathode smoothly between p, 1 6 47 and p n 8*38, pyruvic acid could 
not be reduced to lactic acid at a Pt-cathode above p n 7*9- At Ilg surface 
also no readings could be* taken above 8*38, the electrolytic reduction 
product not l>eing pure lactic acid above that p n 

The expeiimental arrangement was similar to that described by Ghosh, 
Raychaudhuri and Ganguli Hoc. cii.) with the following modifications:— 

(a) The pyrogallic acid tower in the nitrogen purification train 
was omitted. 

(b) All glass to glass connections were made with impregnated 
pressure tube coated outside with vacuum grease. This was found to lx: as 
satisfactory as ground-glass joints- 

(c) In place of the siphon tube and the KC 1 tube, two agar KC 1 
bridges were used. 

In order to prevent the oxidation of pyruvic acid in alkaline solution 
the following procedure was adopted:—A known volume of buffer solution 
was introduced in the electrolytic vessel, the stopper put in position and 
the vessel was de-aerated by a stream of nitrogen, and known amount of 
pyruvic acid was then introduced through the stop-cock. A pyruvic acid 
solution of the same concentration and pn was used as the anolyte. The 
reduction current was then sw itched on, the current density being io~ 4 
ampere per sq. cm. Platinum cathodes, when used, were 2 cm. sq- The 
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total lactic and pyruvic acid content of the final solution was estimated in 
a portion of the solution by the iodoform method. This was necessary in 
order to ensure that the sum of these two acids represented all the pyruvic 
acid that was originally added. Pyruvic acid was estimated in another 
portion of the solution by the colorimetric method of Case (Biochem 1932 
26 , 753). Lactic acid was obtained by difference. 

Kahlbaum's pyruvic acid, freshly distilled in vacuum, was used. The 
system is more susceptible to traces of oxygen than the cystine-cysteine 
system. A slow current of nitrogen was kept passing through the vessel 
throughout the experiment. The equilibrum was always approached from 
the same side. With proper precautions it was possible to reproduce the 
results to w ithin ± 5 mv. 


Taui.e I- 

Readings with H g-catliodc. 


r>u . 

Total cone. 

Oxd./Red. 

Eh . 

Eo • 

647 

o*oi332M 

040/*65 

—0*064 volts. 

+ 0*330 

6*97 

*1 

0*750/*320 

-00793 

+ 0*328 

7’ 3 5 


1*560/*430 

-0*0865 

+ 0*325 

7‘ 2 5 

»» 

0*356/1*680 

-0*119 

+ 0*335 

7*72 

0*01256 

1 * 515/*395 

-0*120 

+ 0*326 

7*89 

»» 

0*590/*230 

-0*136 

+ 0*324 

7*89 

*» 

0 475 / 1 *435 

-0*163 

+ 0*324 

8-15 


o’ 695/*312 

-0*159 

+ 0*319 

8*36 

0*01332 

0*685/*395 

-0*159 

+ o *335 

8;38 

>• 

Readings 

0*i6x/*904 —0*199 

Table II. 

with the platinum electrodes■ 

+ 0*326 

Mean +0*327 

/>«*. 

Total cone. 

Oxd./Red. 

Eh . 

Eo . 

686 

001256M 

10*0 1 1*0 

-0054 

+ 0*327 

6*23 

0*01332 

i*20o/*46o 

-0*038 

+ 0*323 
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It was not possible to reduce pyruvic acid at a Pt-cathode above pn 7‘°* 
Below p a 7 0 the reduction is also never complete, but lower the pa , the 
higher is the percentage of reduction. 

That the system lactate^—==^pyruvate should Ixj able to maintmu a 
stable potential at an inert electrode is rather strange. The work of Couant 
and Cutter (/. Amcr . Chem. Soc. t 1926, 48 , 1016) lias provided that unlike 
the reduction of double bonded compounds, the reduction of pyruvate to lac¬ 
tate is not the simple addition of two hydrogen atoms to the molecule but 
involves the change of two electronic charges as well. Probably when a 
film of oxygen or oxide is present on the metal surface this type of electron 
change is not able to charge a noble metal electrode. Ghosh and (.anguli 
(Biochem. 1934, 28 , 381) have shown that the sulphydril system becomes 
reversivcly active only when the oxygen film is removed. The lactate-pyru¬ 
vate system may be another type of system which shows no electron activi¬ 
ty at all in presence of the film. 

>ly best thanks are due to Prof. N. N. Sen for giving me every labora¬ 
tory facility and for his kind interest in the work. 


Chemical laboratory, 
Bengal Engineering College, 
Shibpur, Howrah. 


Received July 17, 1937 - 



ON THE STUDY OF SOME MONOFLOPHOSPHATES AND 
THEIR ANALOGY AND ISOMORPHISM WITH SULPHTES*. 


By Harish Chandra Goswami. 

The work of Sarkar and Ray (]. Indian Client . Soc., 1929, 6 , 987) on the 
homology of the fluo*beryllates and sulphates led to enquire whether other 
radicals can be found analogous to sulphates. From the table of ionic radii 
given by Goldschmidt (Trans. Faiaday t Soc. t 1919, 28, 282) it follows that 
compounds of PO.*F ion, if possible to isolate should behave exactly like 
similar compounds of S0 4 ions (pentavalent positively charged phosphorous 
ion having the same ionic radius as that of hexavalent positively charged 
sulpher ion— 0*34 A —and the negatively charged fluorine and oxygen ions 
having approximately equal ionic radii— L33A and 1*32^ respectively). 

These t\v o ions are isosteric and isoelectric being both bivalent and 
having thirty two peripheric electrons. 

A search in the literature shows that Dorfust and Balz (Z. anoig. 
Chew., 1927, 167, 107) have found that all simple and complex salts 
of fluoborates and perchlorates are perfectly isomorphus. The respective 
solubilities of these salts are also very close and even the organic salts 
of these acids are physically and chemically similar. Weinland 
and Alpha (Z. anoig.' Chem., 1899, 21,43) prepared potassium, rubidium 
and caesium monofluophosphates of the formula, R O P (OH) s F, 
by evaporating a mixture of tertiary phosphates and hydroxides in 
molecular proportions, dissolved in concentiated hydrofluoric acid. Accord¬ 
ing to Werner they arc not to !>e regarded as true fluo-phosphates (fluorine 
replacing oxygen), but additive compounds of hydrofluoric acid and 
ortho-phosphates having the formula R’H 2 PO ti HF, where R represents 
potassium, rubidium or caesium. 

Lange (Per., 1027, 60, 965 ; 1928, 61, 729) observed that POF* 
hydrolyses, unlike POCl.*, in stages probably according to the scheme, 

/V H* () /F H s () /OH H,o /0H 

O • p; F-► O : P ( OH-► O : I\ OH->0 : P^ OH 

X F X F X F X OH 

and prepared the ammonium salt, NH 4 POaF* corresponding to the first 
stage acid HPO a F* which showed close analogy with the perchlorates. 

* Ti e pre.scnt work was undertaken in the early part of 1929 and was submitted as a 
thesis for the M. So. Examination in 1930. 
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The starting material potassium difluophosphate was prepared according 
to Lange s method (/oc. cit.). It was then hydrolysed with dilute KOH 
on the water-bath in the proportion of one molecule of potassium salt to 
two molecules of the alkali- In order to isolate the expected second 
hydrolytic product K 2 PO>F, the solution was evaporated in vacuum over 
sulphuric acid till the salts began to crystallise out. A suspended crystal 
of potassium sulphate was found to grow uniformly in the filtered solution 
suggesting that an isoinorphous fluophosphate ion has l>een formed in the 
solution. The isolation of the fluophosphate by this method is rather 
tedious and takes a very longtime. A second method of isolation of the 
monofluophosphate was tried directly from phosphoric anhydride and 
hydrofluoric acid (40 %). The two acids were mixed and neutralised with 
caustic soda in the cold and the excess of phosphoric acid was then removed 
by addition of silver nitrate. The monofluophosphate was precipitated 
by excess of silver nitrate but the yield was very small. 

Duriiig the progress of the present work there appeared a paper from 
Lange (Bci. t IQ2Q, 62 , 763) in which he described a method for the isola¬ 
tion of ammonium monofluophosphate from ammonium fluoride and 
phosphorous pentoxide. The other two methods (already tried by us 
independently) w’ere also anticipated by Lange (Bcr 1929, 62 B, 1084 ; 
1931, 64 B, 2772) who made a detailed study of equilibrium lietween 
phosphoric acid and w'ater. However, in course of the present work, 
Lange's method of preparing ammonium fluophosphate was taken advantage 
of, the molecular volume of K a P().,F being very close to that of K a SD 4 , 
the isomorphism of the sulphate and fluophosphate ions was taken as the 
criterion of chemical analogy and we prepared copper monofluophosphate 
analogous to CuSC) 4l 5H 2 <), that of nickel to NiS 0 4 , 7H 2 C), of cobalt to 
C0SO4, 6H 2 (), etc. Besides the double salts of ammonium monofluo¬ 
phosphate and the monofluophosphates of the bivalent metals, viz., Ni, Co 
etc., have been isolated in monoclinic crystals, parfectly isomorphous with 
the corresponding double sulphates of Locke (Awet. J. Sci 1902, 27 , 455). 
The double salts of aluminium monofluophosphate and ammonium mono¬ 
fluophosphate have been prepared and found perfectly isomorphous with 
the corresponding alum. Mixed crystals of the type, NiS() 4 (NH 4 ) 2 - 
P 0 3 F, 6H 2 0 and RS 0 4 (NH 4 ) 2 P(bF, 6H 2 o where R represents Co, Cu, 
Zn, Mn, etc., have also been prepared. 

It has been further found that the double salt of ammonium fluo- 
beryllate and nickel fluoberyleate forms mixed crystals and grows uni¬ 
formly in a saturated solution of the corresponding double salt of the 
monofluophosphates. 

3 
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Experimental. 

Nickel Monofluophosphate .—Pure nickel chloride was dissolved in the 
least quantity of water and cooled in ice. An equimolecular quantity of 
silver monofluophosphate prepared according to Lange ( loc . cit.) was made 
into a thin cream with water and run slowly into the nickel chloride solution 
with constant Stirling. Double decomposition took place with the seperation 
of silver chloride which was filtered and the filtrate was tested for Ag and 
Cl ions, the excess of one or the other ion being removed by careful addition 
of a very dilute solution of either nickel chloride or silver monofluophos¬ 
phate, as the case might be. It was filtered and allowed to crystallise 
in vacuum over sulphuric acid. The crystals appeared in 2-3 days. 
(Found: Ni, 20*82; P, 10*98; H 2 0 , 44*60. NiPO s F, 7H2O requires 

Ni, 20*73 ; P, n'o ; H 2 0 , 44*60 per cent). 

Cobalt monofluophosphate was prepared exactly in the same way 
as the previous nickel salt. (Found : Co, 22-24; P. n‘09; H 2 0, 40-48. 
C0PO3F, 6 H 2 0 requires Co, 22-23 ; P, 11-69; H 2 0, 4076 per cent). 

Copper monofluophosphate was prepared in a similar way to that of 
nickel. The copper salt is very difficult to crystallise. At first basic 
copper fluoride separates out which is removed from time to time by filtra¬ 
tion and finally a few crystalls are obtained. 

It was more conveniently prepared in a fine condition by the addition 
of alcohol to the ice-cold solution of copper monofluophosphate. (P'ound : 
Cu, 25*09 ; P, 12*34 ; H a O, 35-80. CuPO*F, sH 2 0 requires Cu, 25*25 ; P, 
12-35 ; H 2 0 , 35 85 per cent). 

Zinc monofluophosphate was prepared in solution in a similar way to 
that of the nickel salt, and was crystallised with equal difficulty. The 
caystallisation was only effected by cautiously adding absolute alcohol to the 
zinc monofluophosphate solution which was cooled in ice. The solution was 
stirred all along and fine crystals were obtained which was filtered and dried 
in* vacuum. Kuhn ( Schweigger's /., 1830, 60, 337) and Hannay (/. 
Chem. Soc ., 1877, 82 , 3S2) prepared an analogous pentahydrated zinc 
sulphate. (Found : Zn, 25-65 ; P, 12-24 ; H 2 0 , 35*39* ZnPO s F, 5H 2 0 
requires Zn, 25*69 ; P, 12-26 ; H 2 0 , 35*57 per cent). 

Other hydrate of the zinc compound could not be obtained. 


Preparation of the Double Salt of Nickel and Ammonium 
Monofluophosphate. 


Nickel monofluophosphate and ammonium monofluophosphate were 
taken in equimolecular proportion and dissolved in the least quantity of 
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water and allowed to crystallise under low vacuum over fused calcium 
chloride. 

The cry stals were obtained in a few days and were dried under folds of 
blotting paper and analysed. In the mother liquor crystals of nickel 
ammonium sulphate grows uniformly. [Found : Ni, 14*54 ; I\ 15*25 ; F, 
9*0. NiPQ 3 F (NH,) 2 P 0 3 F, 6H 2 () requires Ni, 14*57 ; P, 15*55; F, 
9*55 per cent]. 

The hexahydrated crystals are unstable at the ordinary temperature. 
It loses four out of its six molecules of water of crystallisation and falls 
into a fine powder. The dehydrated salt is very stable and retains the two 
molecules of water of crystallisation even at kkA 

Cobalt Ammonium Monofluophosphate .—Kquimolecular quantities of 
cobalt monoiluophosphate and ammonium monofluophosphate were 
dissolved in the least quantity of water and crystallised. [Found : Co, 
14*80 ; P. 15 52. CoP( bF(NII 4 ) 2 P() ;1 F, t>H 2 (> requires Co, 14*79 ; P, 15*53 
per cent). 

The hexahydrated crystals are unstable and loses four molecules of 
water of crystallisation. The double salt of ammonium monofluophosphate 
and copper, manganese, zinc, and magnesium fluophosphate could not 
be obtained. 


Preparation oj the Alum . 

Aluminium Ammonium Monofluophosphate. —A11 equivalent quantity 
of silver monofluophosphate was added with stirring to an ice-cooled 
solution of a weighed quantity of aluminium chloride. The solution was 
filtered and to the filtrate an equimolecular quantity of ammonium mono¬ 
fluophosphate was added, and it was allowed to crystallise under low 
vacuum over sulphuric acid. The solutr n turned turbid with the separa¬ 
tion of A 1 F 3 which was filtered ofl. This was continued for a few days, 
after which the hydrolysis stopped. Before the solution turned syrupy it 
was placed in open air. The crystallisation takes a long time. | Found : Al, 
5-90; P, 13*49. Al a (P 0 3 F) fl (Am) a P 0 a F, 24H./) requires, Al, 5 * 9 * i F, 
13*57 Per cent]. 

The Double Salt of Nickel Sulphate and Aynmonium Monofluophos - 
pjtate Heptahydrated nickel sulphate and recrystallised ammonium mono- 
fluophosphate were taken in the molecular proportion (2:1) and dissolved in 
the least quantity of water and allowed to crystallise under low vacuum 
over "calcium chloride. In a day or two crystals began to appear which 
were removed and the mother liquor was placed in a glass chamber. 
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A large number of crystals were obtained which was analysed and 
the following results were obtained. The percentage of S 0 4 was higher 
and that of P was proportionately lower than the percentage required by 
the true double salt. 



Ni. 

P. 

S() 4 . 

Pei centage 

1 j*8 2 

4*123 

37*97 

Atomic ratio 

<*•2525 

0*133 

o *395 


Ratio of the metal : ratio of the acid = 1:2*09. Hence the 
formula of the compound may be written as (NH 4 ) 2 Ni(P 0 ;,F,S 0 4 ) 2 , 
6 H 2 (). 

From the mother liquor a second set of crystals was obtained in another 
two days and on analysis it was found to contain 32*74%S 0 4 . The 
percentage of SO t in the second set of crystals was lower than the first set. 
It was then thought that it would be possible to isolate the true double 
salt having the formula NiS() 4 (NH,) 2 POjF, 6H 2 C) by successive fractional 
crystallisation. 

In the third set of crystal the percentage of SO, was still low'er and 
the fourth set of crystal was found to contain 24*04% of S0 4 which in 
accordance with the formula NiS() 4 (NHJ 2 P( ) 3 F, 6H a O requires 24*24% 

of S 0 4 . 

. 1 / this stage the mother liquor was analysed and the ratio of the nickel 
sulphate and ammonium monofluophosphatc was found to be as 1 : 3. It is 
thus found that the double salt is only stable with excess of P() S F ions. 

Ptcparation of the Mixed Crystals of Cobalt Sulphate and Ammonium 
Monofluophosphatc .—Pure cobalt sulphate and recrystallised ammonium 
monofluophosphatc were weighed out in the molecular proportion (1:1) 
and dissolved in the least quantity of water and allowed to crystallise under 
low*vacuum ovci a few lumps of calcium chloride Crystals were obtained 
in the form of crusts. 



Percentage 

Atomic ratiY 

Co 

if 79 

0 2506 

SO4 

20*47 

0*2756 

P 

6*825 

0 2202 


Ratio of the metal : ratio of the acid**o’25o6 : 0*4956= 1 : 1*98 
Hence the formula may be written as Co (NHJ 3 (SG 4 , PO*F) a> 6H a O. 
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Preparation of the Mixed Crystal of Coppci Sulphate and A mmonium 
Monofluophosphalc. Pure copper sulphate and ammonium monoflnophos- 
phate were mixed in the molecule proportion (i : i), dissolved in the least 
quantity of water and allowed to crystallise in a vacuum desiccator. In a 
few hours the solution became turbid owing to the serration of copper 
fluoride. The solution became turbid again and again and each time it 
was filtered in a new beaker. In two to three days, hydrolysis stopped and 
at this stage a crystal of the double salt of nickelammonium sulphate was 
introduced into the liquid. The nucleus was found to grow uniformly. 
In the mean time a set of crystals was obtained which were washed, dried 
and analysed. 



Percentage. 

Atomic ratio. 

Cu 

iS‘ 3 6 

0*2439 

P 

6-s 73 

0*2217 

SO, 

26-77 

0*2788 


Ratio of the metal : ratio of the acid == 2439 : 5005 = 1 : 2*052. 

Hence the formula may be written as Cu(NH 4 ) 2 (wSC> 4 , PO s F) a> bH a O. 

The Mixed Crystal of Zinc Sulphate and Ammonium Mono - 
fluophosphatc .—Pure zinc sulphate and ammonium monofluophosphate in 
the proportion of 1 : 1 molecule were dissolved in the least quantity of water 
and allowed to crystallise in a vacuum desiccator. Just like copper the 
solution w'ent on hydrolysing which did not stop for a long time. When 
the hydrolysis ceased, it gradually turned into a jelly and did not crystallise 
at all. The crystals were only obtained by the introduction of nuclei of the 
double salt of nickelammonium sulphate. The nuclei grew uniformly in 
the liquid. The nuclei were then taken out and the zinc salt thus obtained 
was broken up to remove the nuclei and then analysed. 

Zn SC ) 4 P. 

Percentage is 07 ft 703 

Atomic ratio 0 -458 0 2 | 6 *’ 

Ratio of the metal : ratio of the acid = 245b : 4^10= 1 ' 1*997. 

Hence its formula may be written as Zn (NH,) a (S 0 4 . P<>jF) a , t>H a <). 

The Mixed Crystals of Manganese Sulphate and Ammonium 
Monofluophosphate.— 1 The salt was prepared by a similar method to 


that of the zinc salt. 



Mu. 

SO,. 

p. 

Percentage 

M'25 

27'01 

6*896 

Atomic ratio 

0*2594 

03157 

0*2224 


Ratio of the metal: ratio of the acid — 2594 : 5381 — 1 : 2 074* 
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The formula of the compound should, therefore, be written as 
Mn(NH 4 ) a (S0 4 , P() 3 F) a , 6H 2 (). 


Method of Analysis. 

Estimation of Copper , Nickel and Cobalt— Copper, nickel and cobalt 
were estimated electrolytically after decomposing the compound with con¬ 
centrated sulphuric acid. 

Estimation of Aluminium , Zinc and Manganese. —Aluminium was 
estimated as phosphate, and zinc and manganese as pyrophosphate after the 
removal of hydrofluoric acid with concentrated sulphuric acid. 

Estimation of Phosphorus. —The compound was first decomposed with 
nitric and hydrochloric acids on the water-bath ; it was evaporated to dryness 
two to three times after which it was extracted with water and phosphorus was 
percipitated as ammonium phosphomolybdate. It was then dissolved in 
ammonia, phosphorus perecipitated with magnesia mixture and ignited 
and weighed as Mg 2 P 3 C) 7 . 

Estimation of Sulphates. —The compound was decomposed with con¬ 
centrated nitric acid. Nitric acid was then removed by evaporation with 
concentrated hydrocholoric acid for several times on the water-bath. It was 
then extracted with water and precipitated with barium chloride solution 
and weighed as BaSQ 4 . 

Estimation of Fluorine. —The compound was fused with sodium carbo¬ 
nate, extracted w ith .water and neutralised wnth nitric acid. It was then 
made slightly alkaline with caustic soda and silver nitrate was added to it. 
Ag a PQ 4 formed was removed by filtration and sodium chloride was added to 
remove the excess of silver ion. The solution was filtered and fluorine was 
estimated according to the method of Stark and Thorin (/. anal. Chew., 
1912 , 81 , 14 ). 

Estimation o) ivatci of ciystaliisation .—Water of crystallisation was 
determined accoiding to Jannasch and Penfield's method. In simple salts 
the* weight of water gave the water of crystallisation, whereas in case of 
double salts with ammonium salt, the total water obtained minus the weight 
of water corresponding to the hydrogen of ammonium gave the actual 
weight of water of crystallisation. 

My bbst thanks are due to Dr. P. B. Sarkar for suggesting the problem 
and to Sir P. C. R&y for his kind encouragement. 
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AN X-RAY INVESTIGATION OF THE CRYSTALS OF 
p-AMINOBENZOIC ACID. THE SPACE GROUP. 


By Mata Prasad, M. R. Kapadia and V. C. Thakar. 


Crystals of ^-aminobenzoic acid [C 6 H 4 (NH a ) (COOH)] belong to the 
inonoclinic prismatic class. It is difficult to obtain them in a well developed 
form. For the purpose of the piesent investigation the crystals were 
prepared by the slow evaporation of the solution of the substance in rectified 
spirit. The crystals which were obtained by repeated crystallisations were 
in the form of rhombic plates. The shorter diagonal of the plates was 
found to be the 6-axis by means of L,aue photograph, taken with the flat 

face normal to the beam. Only three faces, viz., (ioo), (ioi) and (ioi) 
which contain the 6-axis are mentioned by Groth (“ Chemische crystallo¬ 
graphic/ ’ IY, p. 509). By taking several rotation photographs, it was found 

that the flat face is (101). The crystal was then suitably adjusted and the 
rotation photographs were taken about a , b and c axes (Plates I, II and 

III) and about 101 and 101 axes. The last two photographs were taken for 
the sake of confirmation. The following were the lengths obtained. 


a = 12*26 A ; 6=8'6i A ; £ = 6*30 A. 
These lengths give the following axial ratio :— 
a : b : r* 1*424 : 1 : 0*7316. 

This ratio agrees with that given in Groth (loo. cit.) 

a :b : £ = 1*4403 : 1 : 0*7312. 


Further the measurements from the photographs taken about 101 and 
101 axes give the same value of the angle fi (ioo° 10' as mentioned in 
Groth). 
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Oscillation photographs were taken about three crystallographic axes 
at intervals of 15 0 and the indices of the planes corresponding to the spots 
on the oscillation photographs were worked out by means of Bernal's chart. 
The intensities of the planes were determined by eye-estimation and the 
usual symbols have been used. The list of the planes observed is given in 
Tables I and II. 


Table I. 


Axial planes 

Prism planes. 

Prism planes. 

Prism planes. 


(hoi) 

(okl» 

(hko) 

no2 s 

107 \ 

Oil \. s 

no m 

cijn m. s. 

103 111 S. 

012 m. s. 

120 v. s. 

ojo m. 

101 v. s. 

013 s. 

130 m. s. 

200 v s. 

if >3 m. s. 

021 til. s. 

140 w. 

400 m s 

202 m. s 

022 m. s. 

210 v. s. 

600 w. 

301 m. s. 

023 w. 

220 v. s. 


402 s. 

031 v. w. 

230 w. 


402 v. \\. 

032 m. s 

240 w 


501 tv. m. 

041 v. w. 

310 m. s. 


501 w. ni 


320 m. 1. 


602 s. 


33 o m. 

• 



340 w. 




430 w. m. 




510 w m. 




53 ©*. 




610 m 




620 w 



K\I'\I)I\ & 1 II \K \It 


h t th i I I t t )f>!i 


rntL i 

a-r< t it k in 


I . itt 11 
'> i t it i i 


1*1 it( HI 



i mt it i >n 
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Table II. 

General planes. 


Ill v.s. 

211 V.S. 

311 v.s. 

41I V.S. 

511 ni. 

6u w. 

112 m.s. 

212 s. 

312 m. s. 

412 m. 

512 m.s. 

611 w. 

113 s. 

213 w. 

313 v.w 

413 m. 

511 m. 

621 w. 

Ill s. 

211 m.s. 

311 v.s. 

411 s. 

512 w.m. 

621 v.w. 

112 m. 

212 m.s. 

312 w.m. 

412 m. 

521 in. 


113 m.s. 

213 w. 

322 v.w. 

421 s. 

522 w. 


121 v.s. 

221* V.S. 

322 w. 

422 m.s. 

521 m. 


122 m. 

222 m. 

331 s. 

423 V.w. 

522 w.m. 


123 w.m. 

221 S. 

332 m. 

421 Ill. 

531 w.m. 


121 m.s. 

222 m.s. 

33 i w. 

422 s. 



122 w. 

231 m.s. 

332 w. 

431 in. 



123 w. 

232 111. 

'341" w.m. 

431 m. 



131’ v.s. 

231 m. 

342 m.s. 

44i"s. 



132 m s. 

232 m.s. 

341 v.w. 

441 nust 



131 m. 

241 s. 

342 m. 




132 m.s. 

242 w. 





141 v.w. 

241 m. 





From the above list 
halved if (h +1) is odd 

of planes it will be seen 
and (oko) halved if k is 

that (hoi) planes are 
odd. These halvings 


correspond to the space group C£ h . The number of molecules in the unit 
cell required by the space group is four. The number of molecules 
calculated from the dimensions of the unit cell, and the density of crystals, 


i’393 (Groth), is found to be four (actually 4*01). Hence, it appears that 
the molecules in the unit cell are asymmetric. 


Chemical Laboratories, 

The Royal Institute of Science, 
Bombay. 
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COMPLEX COMPOUNDS OF BIGUANIDE WITH TERVALENT 
METALS. PART 1. CHROMIUM BIGUANIDINES. 

By Priyadaranjan Ray and Haribola Saha. 

Complex compounds of bivalent metals like Cu, Co and Ni with 
biguanides, both as free metallic bases and their salts, have long been des¬ 
cribed (Rathke, Ber., 1879, 12, 779; Kmich, Monatsh., 1883, 4, 408; Smolka 
and Friedrich, ibid ., 1S88, 9 , 227). Besides the simple biguanide, various 
substituted products of the same, such as the methyl, ethyl and phenyl 
derivatives, were employed. With each atom of the bivalent metals two 
molecules of the biguanide base or its salts were found to be associated in 
the complex formed. The constitution of these interesting complex 
compounds of strong characteristic colour has not yet been satisfactorily 
cleared up in spite of repeated investigations on the subject. 

The constitution of the biguanide is represented by the formula (I), 
which is related to those of biuret and guanyl urea. The various constitu¬ 
tions of metallic biguanide complexes, as suggested by different workers 
(Tschugaef, Ber., 1907, 40, 1973, formula II ; Ley and Muller, Ber., 1907, 
40, 2950, formula III and IV ; Slotta and Tschesche, Ber., 1929, 62, 1390, 
formula IV ; Traube, Ber., 1930, 63, 2094, formula V), are given below'. 


H a N—C—NH—C—NH a 
II II 

NH a NH 


P NH = C—NH 2 H*N-C = NH § 

NH<^ >Me<‘ y«NH |X 2 

*“NH =C—NH/ H,N—C=NH -* 


(I) 


(II) 


pNH = C—NH a «.2n — V. — INJCI -| 

N<-•>*<■->N X 

L NH=C—NH a H-NT— 


H a N—C=NH- 


HgN—C=NH ■ 


(III) 


[ 


NH a—C=NH NH = C—NH, 

N<^--^>N JX, 


NHa—C=NH 


NH -C—NH, 


(IV) 
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HN = C—NH 3 II jN—C =NH 

)XH 

HN = C — NH — Cn—NH—C =NH 


X. 


(V). 


HN=C—NH* 
HN<^ "y>Me 

H.N—C - N 


H,N—C=NII 

< 

N - C—NH. 


X 


9 


(VI) 


[where X = OH or any other equivalent anion, and Me^Cu, Co or Ni]. 

In order to obtain more definite information on the point we have 
started a systematic investigation on the preparation and properties of a 
series of biguanide complexes of tervalent metals such as chromium, 
cobalt, iridium, etc. In the present paper we shall confine ourselves only to 
the chromium complexes of the simple unsubstituted biguanide. 

In these chromium complexes each chromium atom is associated 
with three biguanide molecules and, as the tervalent chromium can ex¬ 
hibit a maximum co-ordination number of six only, each biguanide 
molecule behaves as a bidentate group occupying two co-ordination 
positions in the complex. Further, the free chromium biguanide has been 
obtained in the anhydrous condition having the composition 
CrfCsNsHe^, as well as the monohydiate CrfCgNaHjg, H 9 0 . 
This hydrate forms beautiful, brilliant red crystals, whereas the 
colour of the anhydrous base, which behaves like ammonia or amines, 
is somewhat lighter. In solution, however, the complex behaves as a 
triacidic base. It gives characteristically coloured solid salts of the type 
Cr (C 9 N 5 H 6 )3‘3HX, where X denotes any monovalent anion or its equiva¬ 
lent. The fact that each biguanide molecule occupies two co-ordination posi¬ 
tions, disposes of the constitutions (III) and (IV) suggested by Ley and 
Muller (Joe. cit.), as well as by Siotla and Tschesche ( loc . rit.), for the biva¬ 
lent copper, cobalt and nickel biguanide complexes, in w hich each biguanide 
mol ecu le is made to occupy three co-ordination positions, making a biva- 
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lent metal atom exhibit a maximum co-ordination number of six. Ley and 
Muller, as well as Slotta and Tschesche, assume that it is the hydrogen atom 
of the central imino-group which is displaced by the metal atom, and the 
latter unites with the nitrogen of the imino-group on both sides forming 
inner metallic complexes. < )n the other hand, Ley and Werner (Ber., 1913, 
46 , 4040) assign a quite different constitution to the copper biuret complex 
(VII), though the constitutions of biuret and biguanide are closely 
analogous. 


0 = C—NH 2 H*N—C - (> 

NH<^ / Cu \ )>NH 

O—C = N N = C — o 

cm 

In addition, the metal atom in these complexes (III and IV) forms a 
member of fused four-membered rings, which, as has been established by 
Werner and Pfeiffer, can seldom be stable, whereas the stability of biguanide 
metal complexes exceeds that of most of the well-known inner-metallic salts. 
Furthermore, formula (IV) leaves four NH 2 -groups in the molecule in a 
free state. Hence the biguanide complexes of the three bivalent metals 
should behave as tetra-acidic bases, whereas they are actually diacidic. 
According to formula* (III), on the other hand, the complex should behave 
as a neutral body, unless we assume that the imino-groups exert some 
basic character. 

From a study of the increase of acidity by the introduction of metallic 
atoms into molecules of organic bases or hydroxy compounds, Traube 
(loc. cit.) suggested the constitution (V) for these biguanide metal com¬ 
plexes. The formula does not take note of the co-ordination valencies of 
copper and hence does not represent the compound as an inner-metallic 
complex salt which alone can account for its intense colour. Further, the 
copper atom is shown to replace the hydrogen atoms of one of the end- 
ainino groups of the biguanide base, which is rather unusual and cannot be 
justified. 

Finally, Tschugaeff's formula (II) is also rendered untenable by the 
fact that it does not represent the complex as an inner-metallic salt, since 
the central metal atom is linked with the N-atoms of the four amino-groups 
by co-ordination valencies as in copper tetrammine compounds. The 
preparation of the anhydrous Cr(C a N 5 Hf,) 3 by us definitely proves that 
the primary valencies of the metal atom are satisfied by the removal of one 
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hydrogen atom from each biguanidc molecule, and that the l»asie character 
of these compounds is due to free amino-groups, and not to the metal atom 
whose valencies, both normal and co-ordinative, are fully saturated. 

From the considerations set forth above it l>ecoines quite clear that the 
biguanide metal complexes are of the inner-metallic complex salt type; but 
at the same time they can behave as basic compounds and form salts with 
acids due to the free amino-groups co-ordinating with 11-ions. Kach 
biguanide molecule behaves as a bidentate or chelate group and is linked to 
the central metal atom both by a primary as well as a secondary valency, like 
glycine or other amino-acids. Slotta and Tschesehc (loc. cit.), from the fact 
that i:2*.3-triphenylbiguanide gives no complex metallic compound, whereas 
i:2-diphenylbiguanide and phenylbiguanide give respectively soluble and 
insoluble metallic complexes, concluded that the hydrogen of the central 
imino-group is essential for complex formation and is replaced by the metal 
atom. The argument is not very convincing. Because, the inactivity of 
the above-mentioned tri-substitilted biguanide may l>e due either to its 
insolubility in water, or to its enhanced inertness as the result of multiple 
substitution by phenyl groups. For, we have found that metallic complexes 
with phenyl (mono) biguanide are less easily formed and are less stable than 
those with unsubstituted biguanide. 

That a hydrogen atom of the imino-group linked to a carbon atom by 
a double bond can be replaced by a heavy metal atom to give rise to 
co-ordination compunds of the type discussed here, is lxrst illustrated by the 
existence of certain complex copper compounds of aminoguanidine of the 
following composition described by Thiele (Annalcn, 1S92, 270 , i). 

Cu(CH 5 N 4 ) 9 - 2HN0 3 and Cu(CH : ,N 4 ) 2 H 2 S<> 4 


/NH 3 

/ Nt=c< C 

1 CuC >NH 

**NH 2 ' 


(NO a ) (violet crystals). 


In these compounds none of the hydrogen atoms of the amino- or the 
hydrazino-group of the aminoguanidine is likely to be replaced by the 
metal atom. It is the hydrogen atom of the imino-group that is replaced by 
the copper atom co-ordinating simultaneously with the end nitrogen of the 
hydrazino-group to form a five-membered ring. 
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We, therefore, suggest the formula (VI) for the biguanide complexes 
of bivalent metals and the formula (VIII) for those with a ter valent metal 
like chromium. In these, the metal atoms enter into six-membered rings 
contributing to the stability of the complex, and the number of free 
amino-groups corresponds to the acidity of the complex base formed. A 
similar suggestion for the constitution of the biguanide complexes of the 
bivalent metals has also been offered by Stumpf (Dissertation, Berlin, 1933, 
p. 24). 



NH NH 


(VIII) 

These chromium /risbiguanide salts undergo slow but gradual hydrolysis 
on wanning in dilute solutions, or on keeping, giving rise to a series of 
hydrolysed products. This is more evident with a solution of the complex 
hydrate. The mode of hydrolysis may be represented as follows:— 


^Cr(BigH):, Jx ;i + 2H 4 0 £cr(BigH) a -OH H,0 J X 2 + BigH 2 X 

l 


I 


+ 2H 2 C) 

(H 2 0) 2 -Cn(0H) 2 -(BigH) I X + BigH 2 X 


SigH) X 


+ 2H 2 0 l 


[BigH — One molecule [Cr(0H)a*3H 2 0] +BigH 2 X. 
of. biguanide]. 


The description of the preparation and properties of these hydrolysed 
products will form the subject matter of subsequent communications ; those 
of the chromium /risbiguanide hydroxide and its salts, and a discussion of 
their constitution have been dealt with in the present paper. 
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Experimental 

Chromium Trisbiguanide Monohydrate. —A saturated solution of 
chrome alum was added, drop by drop, with stirring to a cold solu- 
tion of biguanide sulphate in an excess of strong caustic liquor 
(30%NaOH). A dark red solution was obtained without any noticeable 
separation of chromium hydroxide, and bright red prismatic crys¬ 
tals separated readily from the solution in quantities. The solution with the 
crystals was cooled in ice until no more solid separated and was then 
filtered on the pump. The crystals were washed with cold water, purified by 
recrystallisation from hot water in presence of a little caustic soda and dried 
in air, free from carbon dioxide. {Found : N, 57*16, 57 03; Cr, 13*96, 13.93, 
♦ 

14*06. [(Big)2 Cr (BigH)] OH requires N, 56*76; Cr,14*05 per cent}. 

The substance is of beautiful crimsom-red colour, which appears ruby-red 
in large crystals. The crystals are moderately soluble in watei, and the 
solution is strongly alkaline. It liberates ammonia from ammonium salts, 
precipitates hydroxides of heavy metals from solutions of their salts and 
behaves as a tri-acidic base in aqueous solution. 

[(Big)2 Cr (BigH)] OH + 2 H*<> = [Cr (BigH)*] (OH) 3 

0*39660. of the substance required 3 32 c.c. N-HCl for neutralization. 
[Cr (BigH)3] (OH)3 requires 3.21 c.c. 2 V-HC 1 . 

As the solution was strongly coloured and the titration was not carried 
out potentiometrically but with outside litmus paper indicator, this discre¬ 
pancy was not unexpected. Measurement of the molecular conductivity and 
the freezing point of the solution of the base also leads to the same conclu¬ 
sion. 


Molecular conductivity at 29 0 . 

v (dilution) ... 32 6 4 128 256 512 1024 

... 1329 i8 7 2 2357 2922 346-2 4041 

The values at higher dilutions are likely to be somewhat vitiated by 
hydrolysis. 

The equivalent conductivity of the base deduced from the above values 
may be compared with those for ammonia, amines, biguanide and copper 
biguanide. 
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Equivalent conductivity for the bases . 


v (dilution) 


10*7 

|Cr(BigH) 3 ] (OH),. 

21"4 42 - 8 

«5‘6 

I 7 i ’2 ) 

At 


44*3 

62*4 

78*6 

97*4 

1 Temp * 29' 
XI 5*4 J 

V 

8 

16 

32 

64 

128 

256 

Av NH 3 

3-21 

4‘35 

6*52 

9 29 

13*4 

i9‘o j 

70*0 >Temp. - 25* 

Av CH3NH2 


21 0 

28’9 

39'3 

53*9 

Av (CH 3 >,NII 17*2 

24*0 

33'2 

453 

61*2 

8oV 


* Walden, das Lcitvcnnogen der Losungen—II Teile. pp. 82-83, 1924. 


V 

300 

45° 

900 

Av Riguanidc 

153 0 

1530 

>S7‘5 1 

Av Cu-dfcbiguanide 



f Temp. =37*. f 

74‘° 

76-5 

91’5) 


f Deduced from Stumpf's data ( loc . cit. p. 41) 

A comparison of the above values indicates that the chromium tris- 
biguanide hydroxide is a considerably stronger base than ammonia, methyl- 
amine, dimethylamine and copper-bisbiguanide hydroxide, but appears to be 
somewhat weaker than the free biguanide hydroxide. This comparison is 
evidently a very rough one due to the differences in temperature of measure¬ 
ments, for which proper allowances should be made. 

Definite evidences regarding the tri-acidic nature of the base, are, how¬ 
ever, furnished by the preparation of a series of crystalline salts of the base 
as described hereafter, in u hich a molecule of the base is found to com bine 
with three equivalents of the acid, as well as by determination of the valeney 
of the complex ion with the help of Ostw aid-Walden's rule from the measure¬ 
ment of equivalent conductivity of its hydrochloride. 

• A determination of the freezing point of an aqueous solution of the 
base also supports the above conclusions. 


Molecular weight from the freezing-point . 


Substance 

Depression. 

Mol. wt. 

Vant Hoff’s 

(g/100 c.c.) 

A 

m 

factor 




i—M/m 

0-2496 

0*04* 

115 

370/115*“ 3*217 


Degree of diss¬ 
ociation. 
«•#—1/«—1. 


0 75 


[where Af =mol. wt. calculated; n = number of ions into which the base is 
dissociated=4]* 
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The magnetic susceptibility of the substance measured in a Curies balance 
at 31° gave a value of \ ]u = 10*47 x io“ 44 , whence Pwrm* = 10 15* 
which is almost identical with those* foi all complex chromium am mines and 
salts, as well as for the simple chromium ion—Cr* * 4 . 

The substance decomposes on prolonged boiling with mineral acids 
giving rise to chromic salts. Strong boiling alkali precipitates chromium 
hydroxide from a solution of the substance with evolution of ammonia 

On keeping a cold alkaline solution of the chromium /mbiguanide 
hydroxide for some time, the red colour of the solution gradually turns 
reddish violet and rose-red silky crystals of a hydrolysed product are occa¬ 
sionally deposited from the solution. A similar change occurs with the 
dilute aqueous solution of the base itself. 

Chromium Trisbiguanidinc .—Tbe monohydrate fCrdligJulllgO did not 
lose any weight on being kept over concentrated H*S< U in vacuum. When 
heated, however, to 150-160° for about 4° hours it lost 4‘&4% of its 
weight. 

Percentage of water in the monohydrate^ 4 S;. When heated to 200 , 
the substance commences to decompose, [hound : N, 5^ , 4 I> Cr(Hig)n 


requires N, 59*67 per cent]. 

This auhydro-basc is insoluble in all organic solvents. It readily 
absorbs water to regenerate the monohydratc. The an hydro-base is 
brick-red in colour. 

Chromium Trisbiguanidc Hydrochloride- This was prepared by treating 
the solid base in a mortar with cold (ice cooling) dilute hydrochloric acid 
till the mixture became slightly acid. The yellow crystals of the hydro¬ 
chloride formed were fdtered and washed with a little ice-cold water. The 
crude crystals were then dissolved in the least quantity of hot water, the 

solution was filtered and cooled in ice. Pure crystals of the hydrochlonde 

separated from tbe filtrate. The yield of the product could be ...creased by 
adding a saturated solution of ammonium chloride to the filtrate. The crys- 
tals were filtered, washed at first with ice-cold water and then with absolute 

alcohol. These were dried in air. 

The hydrochloride was also prepared by the action of ammonium 
chloride upon the base- When the solid base was rubbed in amortarw.Ui a 
concentrated solution of ammonium chloride, the hydrixhlonde of he base 
was formed with evolution of ammonia. {Found : N 4S’*, 45 U >3 M. 

..... Cr ii-M ii‘«. [Cr(I)igH + ) ;i ]Cl 3 requires N,45-5«; Cl, 2, <^,Cr, 

;w; , p.r«ntl.'Tte S ..b S «n re ton. Kl>»» onuMml «y«A «.l»bl. 

in water. 
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Equivalent conductivity at 30°. 

(dilution) 16 32 64 128 256 512 

97*05 I06*0 115*7 122*6 128*8 134*8 

M 7*4 145 *° I 45 ' 6 US' n U 5'5 * 47*2 

Mean A^ 146*0 

Ah 2 (after 5 daysl = 97*i6. 

The Aoo value is calculated from Walden's formula :— 

Aoo =A„(i+tn.W2 x o*692X'i> ^), where v = dilution, nj and n 2 are 
the valencies of the ions. 

The valency of the complex ion, according to Ostwald-Walden's rule, 
is given by A lf > a *,-A H2 = i39*3~i°6' 0 ~33*3“3*33 x to. The valency is, 
therefore, three. 

The equivalent conductivity of the salt can also be compared with 
those of complex chromium ammine salts having the same valency for the 
cation, as well as with those of LaCl.v 

Temperature=25 0 • 

v (dilution) 125 250 500 1000 

Mv forfCr(CO(NH 2 ) 2 )6lCli 296-5 315*4 326*0 340*5 

(Werner and Kalkmann, Annalcn , 1902, 322 , 313). 

32 64 128 256 512 1024 00 

113*1 119*8 126*1 131*9 136*1 140*6 150 

(bey, Z , physikal , Chem. f 1899, 30 , 236). 

Making allowances for temperature differences, the results are found to 
compare quite favourably. The values of /iv for chromium hexaurea chlo¬ 
ride can be reduced to those for the corresponding equivalent dilutions. 

The results further indicate that the mobility of the complex chromium 

/M.\biguanide ion is nearly of the same order as that of the complex chro¬ 
mium hexaurea cation and considerably lower than that of La + + + -ion. 

It was found that the equivalent conductivity of the chromium ttisbi- 
guanide hydrochloride decreased on keeping its solution, as the result for 


v 

Ay for LaClj 


1024 

139*3 

148*0 
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A 3 g after 5 days keeping indicates This is, however, difficult to 
account for. On the other hand, from the fact that a dilute 
solution of the salt on keeping undergoes slow hydrolysis, exactly the 
contrary result might have been expected. This anomaly is possibly 
connected with a strange property of the solution of the hydrochloride 
and hydrobromide. From a freshly prepared solution of the hydrochloride 
all the chlorine is precipitated as AgCl by silver nitrate solution at the 
room temperature, though the precipitation does not appear to be complete 
instantaneously and requires shaking for a few moments. But after keep¬ 
ing this solution for 24 hours, addition of silver nitrate produces only a 
strong turbidity, the addition of a neutral salt like ammonium nitrate, 
however, immediately precipitates the whole of the chloride as AgCl. 
This proves that no constitutional change occurs in the aged solution, but 
the latter develops a power similar to that of protective colloids in prevent¬ 
ing the growth of silver chloride particles. This behaviour has !>eeu found 
to be more pronounced in the case of the hydrchloride of the hydrolysed 
base which will he descried in a future communication. 

Determination of the molecular weight by freezing-point method 
supported the conclusion from conductivity measurements. 

Subs Depression. Mol. wt. Vi nt Hoffs Degree of dissociation 

(g./iooc.c.) A »» f “rtor «.i- x / n -i. 

K i » M/tn 

(>■7198 o u° 117-8 3 097 

[where M and n have the usual .significanceJ. 

The result show’s that even at <> J , the substance dissociates almost 
completely into four ions and the whole of the chlorine is in the ionic 
state. 

The yellow solution of the hydrochloride, on keeping for a long time 
slowly turns violet and deposits rose-red crystals of a hydrolysed product. 
A similar change of colour at iirst occurs on boiling the solution, but 
finally decomposition sets in with separation of chromium hydroxide. 

Chromium irisbiguanidc hydrobromide w'as obtained as orange- 
yellow crystals, moderately soluble in water, by adding a concentrated 
solution of potassium bromide to a strong solution of the complex hydro¬ 
chloride. The crystals were filtered, washed and dried over H s S0 4 . 
{Found : Br, 40*10 ; 0,8*83. [Cr(BigHj 3 J Br* requiresBr, 4030; Cr, 8*74 
per cent}. 

Chromium trisbiguanide hydnodide was prepared like the previous com¬ 
pound from the complex hydrochloride and potassium iodide. ThesuU- 



680 


P. RAY AND H. SAHA 


tance forms orange-yellow crystals which are much less soluble in water 
than those of the hydrochloride. The crystals were washed and dried 
as before. !Found : N, 28*30 ; 1,51*24 ; Cr, 7*12. [Cr(BigH).*] I3 requires 
N, 28*53 ; I, 51*76 ; Cr, 7*06 per cent!. 

Chromium Irtsbiguanidc sulphate was obtained in the form of sparing¬ 
ly soluble, orange-yellow, needle-shaped crystals when a solution of ammoni¬ 
um sulphate was added to that of the complex hydrochloride. The crystals 
were washed with cold water and dried in air. {Found : N, 40*53 ; Cr, 
10*02; SO4, 27*70. [Cr(BigH) ; j] 2 (SO ,)#, 2H 2 0 requires N, 40*62; Cr, 
10*06 ; S 0 4 , 27*85 per cent}. A tetrahydrate is sometimes formed as long 
(1 cm.) needle-shaped prismatic crystals with orange-red colour. 

Chromium trisbiguanidc nitiaic was prepared by adding a concen¬ 
trated solution of potassium nitrate to a cold concentrated solution of the 
complex hydrochloride. The mixture was cooled in ice. The crystals 
separated were filtered, washed at first w ith ice-cold water and finally 
with alcohol. They were afterwards dried over concentrated H2SO4. 
The substance forms orange-yellow crystals, readily soluble in w^ater. 
{Found : N, 46*50 ; Cr, 9*62. [Cr(BigH*) iS ] (NO*).* requires N, 46*60 ; Cr, 
9*64 per cent}. 

Chromium trisbiguanidc nitrite was prepared like the previous compound 
from the complex hydrochloride and potassium nitrite. It resembles the 
nitrate in colour and other properties. I Found : N, 50-80; Cr, 10*64. 
[CrOligH*);*] (N 0 2 )» requires N, 51*10 ; Cr, 10*53 per cent}. 

Chromium Trisbiguanidc Chlorocarbonate, —When a strong solution of 
sodium carbonate was added to a cold concentrated solution of the complex 
hydrochloride, the orange-yellow crystals of the chlorocarbonate separated from 
the solution. The mixture was cooled in ice. The crystals that separated 
were then filtered, washed and dried as in the case of the chromium /risbigua- 
nide nitrate. The substance readily dissolves in water giving a solution, 
strongly alkaline to litmus. {Found : C, 17*24 ; Cl,15*60; Cr, 11*48, 11*44. 
[Cr (BigH) : \) j CO3CI4 requires C, 17*10 ; Cl, 15*57; Cr, 11*40 per cent}. 

Chromium hisbiguanidc carbonate was prepared by adding three 
molecular proportions of sodium bicarbonate to a cold concentrated solu¬ 
tion of chromium /nsbiguanide hydroxide. The mixture was cooled in ice 
and the normal carbonate w*as salted out by the addition of a saturated solu¬ 
tion of sodium carbonate. The crystals were washed and dried as in the previ¬ 
ous case. {Found : C, 19*50 ; Cr, 11*20. [Cr(BigH*) 3 ] 2 (C0 3 ) a *2H 5 0 requires 
C, 19*40 ; Cr, n’23 per cent}. 

The substance forms orange-yellow crystals, readily soluble in water. 
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The solution is strongly alkaline to litmus and liberates ammonia from 
ammonium salts on warming. 

Chromium Trisbiguanide Hydrosulphide. —A solution of the chromium 
fmbiguanide base was treated with a few drops of ammonia and then saturat¬ 
ed in the cold with H 2 S. The crystalline precipitate formed was filtered, 
washed first with ice-water and afterwards with absolute alcohol. The 
crystals were dried by pressing between filter-pai>ers and keeping memight 
in closed air. 

The substance forms brownish orange crystals, sparingly soluble in 

water, and gives out smell of hydiogen sulphide. It reacts alkaline to 

♦ 

litmus. {Found : S , ig’go, 2o’o ; Cr, n’go, 11*20. [Cr(BigH) 3 ] (HS) a 
requires S, 21*10; Cr, n'45 per cent}. 

Comparatively low result for sulphur and high values for chromium 
indicate slight loss of H 2 S. 

Chiomium trisbiguanide chloiosulphite was obtained as a golden yellow 
crystalline precipitate by adding a freshly prepaied concentrated solution of 
sodium sulphite to the cold concentrated solution of the complex hydro 
chloride. The mixture was then cooled in ice and the crystals were washed 
first with ice-cold water and then with absolute alcohol. They were then 
dried k by pressing between filter-papers and keeping overnight in closed air. 
The salt is moderately soluble in water. {Found : Cl, 7*10; S, 6*55; Cr, 10*6. 

4 - 

[Cr(BigH) a ] C 1 S 0 3 , H 2 0 requires Cl, 7*27 ; S, b'55 ; Cr, 10 64 per cent}. 

Chromium Trisbiguanide liydwxosulphite .—When a fleshly prepared 
solution of bisulphite w as added, drop by drop, to an ice-cold concentrated solu¬ 
tion of the chromium /mbiguanide hydroxide until the base was partially 
neutralised, orange-yellow crystals of the hydroxosulphite separated from the 
solution. These were washed and diied as in the previous case. The crystals 
are modelately soluble in water and their solution is alkaline to litmus. 

» S( 

{Found : S, 6 - 23; Cr, 10 70. [Cr(BigH).,] , 2jH 2 < > requires S, 6-44 ; Cr, 

()H 

io‘ 46 per cent}. 

Chromium trisbiguanide chlorothiosulphate was precipitated in the 
form of orange coloured silky crystals by adding a solution of sodium thio¬ 
sulphate to that of the complex hydrochloride. The crystals were washed 
at first with cold water and then with alcohol. Tlieat were afterwards dried 
in air. The substance is sparingly soluble in water. {Found : Cl, 7' 10 ; 
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S, 12*50 ; Cr, 10*40. [Cr(BigH) a J CrS 2 0 3 requires Cl, 7*06 ; S, 12*70 ; Cr, 
10*35 per cent} 

Chromium Trishiguanidc Thiosulphate —When a solution of the 
chromium /rtsbiguanide hydroxide was mixed with a solution of sodium 
thiosulphate in the cold and to the mixture a solution of ammoni 
um acetate was added, silky, light orange crystals of the normal 
thiosulphate were precipitated. These were washed and dried 
as in the previous case. This normal thiosulphate is very sparingly soluble 

+ 

in water. {Found: S, 18*20; Cr, 10*02. [Cr (BigH) 3 ]2 (S 2 0 3 ) 3 
requires S, 18*46 ; Cr, 10*0 per cent}. 

Chromium trishiguanidc chi 01 ochr ornate was obtained as a 
dark yellow crystalline precipitate when a solution of potassium chromate 
was added to that of the complex hydrochloride. The crystals were washed 
with ice-cold water and dried over concentrated HjS 0 4 . The substance is 
sparingly soluble in water. {Found : N, 39*50 ; Cl, 6‘8o, 6*98 ; Cr (total), 

2o’o, 19*90; Cr (as Cr()" 4 ), 9*90. [Cr (BigH).J Cl*Cr0 4 , H 2 0 requires 
N, 40*07 ; Cl, 6*80 ; Cr ( total), ig’So ; Cr (as CrO"J, 9*90 per cent}. 

Chmmium Tiisbiguanide Chiomale .—When a solution of potassium 
dichromate (1-2 g.) whs added to a solution of the complex base (1 g.) in 
the cold, sparingly soluble yellowish brown crystals of the normal chromate 
separated out. These were washed and dried as in the case of the 
previous compound. {[Found : Cr (total), 22 75, 22*50 ; Cr(asCrO"J, 

13*36. 13*1°' [Cr (BigH) \ 1 2 (C1O4) , 5H0O, requires Cr (total), 22*64 ; 

Cr (as CrO" ,), 13*58 per cent}. 

Chiomiuni Trishiguanidc PcrcluomaU .—When 30 % hydrogen 
peroxide (perhydrol) was added, drop by drop, to an ice-cold solution of 
the chiomium fmbiguanide hydroxide, dark yellowish brown crystals of 
the perchromate separated out from the solution. A part of the complex 
cation w as oxidised to perchromate which combined with the rest of the 
cation to form the very sparingly soluble perchromate of the complex 
cation. The crystals were washed with ice-cold water and dried over 
concentrated H2SO4. The percliromate decomposes, when acidified, to 
a blue solution ; the blue colour, however, disappears rapidly with the forma¬ 
tion of green chromic salt.The substance gave on analysis :— 
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Cr (total), 16*94, 17*20; N, 35*10 ; O (total), 11*50 (gaso- 

metrically), 12*0, on correcting for the chromate left in the solution 

after the evolution of oxygen. [Cr (HigIl) ; »J Cr() 8 , 4 HjO requires 
Cr (total), 17*10 ; N, 34*60; <) (total), 13*10 j>er cent. 

IyO\v result for oxygen is evidently due to slight decomposition of the 
perch roinate. 

Chromium trisbiguanidc chlorophosphatc was obtained as a 
sparingly soluble, flesh-coloured crystalline precipitate by adding a 
solution of disodium hydrogen phosphate to a solution of the complex 
chloride. The crystals were washed first with cold water and then with 
alcohol. These were afterwards dried in air. {Found : Cl, 7 20 ; P, 6 36 ; 

Cr, io' 54 . [Cr (BigH),] n p ()4 requires Cl, 7 > ; P. '> Cr > 10 > 

per cent}. 

Chromium trisbiguanidc camphoisulphonatc was obtained as a 
salmon-coloured crystalline precipitate by neutralising a cold concentrated 
solution of the complex lusc with a cold strong solution of camphor- 
sulphonic acid. The crystals were first washed with ice-cold water and 
then with alcohol. They were afterwards dried over concentra¬ 
ted H^S( ), The salt is moderately soluble in water. {Found : S, 9 30 , 

Cr, 513. [Cr (BigH),] (C, 0 HiaOSO,) s requires S, 916; Cr, 50 1 ** 
cent}. 

From the filtrate of this normal sulphonate a red-violet hydrolysed 
product was obtained, which will be described in a separate paper. 


Summary 


!. Chromium trisbiguanide hydrate, [(Big) a Cr (BigH)]OH, which 
behaves as a fairly stroug triacidic base in solution, has lieen prepared in 
the form of brilliant crimson-red crystals. 


2 It has been shown that the complex cation is of the inner-metallic 

salt type with chromium as the central atom, whose normal valencies are 
completely saturated by the replacement of one of the hydrogen atoms m 
each biguanide molecule. The valency of the cation is, therefore, entirely 
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due to the free amino-groups of the biguanide molecules. This has been 
definitely proved by the preparation of the anhydrous base, [Cr(Big) 3 ], 
chromium frisbiguanidine. Each biguanide molecule is thus found to 
behave as a bidentate or chelate group occupying two co-ordination posi¬ 
tions in the molecule. 

3 . A series of salts of the base have been prepared and their properties 
studied, vis., hydrochloride, hydrobromide, sulphate, nitrate, nitrite, 
carbonate, chlorocarbonate, hydrosulphide, chlorosulphite, hydroxo-sulphite, 
thiosulphate, chlorothiosulphate, chlorophosphate, chlorochromate, chromate, 
j>erchromate and camphorsulphonate. 

4 . Indications have been obtained that both the base and the salts 
undergo slow hydrolysis in dilute aqueous solution giving rise to a series 
of hydrolysed products. 

5 . Constitution of the biguanide complexes of bi- and tervalent metals 
has been fully discussed. 


Chemical Laboratory, 
University Colleoe of Science, 
Calcutta. 


Received September 13, 1937. 



ON THE MOVING BOUNDARY METHOD FOR THE DETER 
MINATION OF ABSOLUTE RATES OF MIGRATION 
AND TRANSPORT NUMBERS OF IONS. 


By N. C. Skn-Gupta. 

In the present paper the influence of the concentration of indicator 
ions on the absolute velocity and transport numliei of chloride, nitrate and 
sulphate ions has l>een investigated in ccntinormal solutions w ith Mukherjec’s 
cataphoretic apparatus ( Proc. Roy.Soc., 1922, A103, 102). The concentra¬ 
tion adjustments behind a moving boundary have lxsen followed with the 
same apparatus and thereby the absolute velocity and transport number of 
the indicator ion estimated with great accuracy. The method as it has 1>een 
developed in the present paper enables the measurement of the mobility with 
precision without much trouble and furnishes more information regarding 
the changes that take place at the boundary than any other single apparatus 
devised up till now. The method can be used for students' experiments 
as the equipment can be easily got up. 

In the previous measurements (Mukherjee, Mitra and Bhattacharyya, 
J, Indian Chenu Soc., 1935, 12 , 177; Mukherjee, Mitra and Sen- 
Gupta, ibid-, 1936, 11 , 42) from this laboratory, a U-tubc with three 
side-limbs (Fig. 1) a, b and c was taken. The boundary which is of 
the rising type was initially formed at XX' between a and b and its up¬ 
ward displacement (r) with time (/) was followed as electrolysis proceeded. 
The potential gradient in the upper electrolyte AR was measured by 
observing the potential, v u between b and c and then dividing r,, with 
the effective length, l, between b and c. The velocity of the leading ion 
was calculated from the formula, 


The potential, v.j, between a and b was also measured against the 
displacement, x, and the potential gradient in the indicator layer, Pm, was 
obtained from the relation 


P m =vill+dv 9 'dx. 


... (it) 
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The absolute rate of migration of the indicator V b can then be obtained 
by dividing x/t by the potential gradient in the indicator. 


When x was plotted against t } a straight 
line was obtained which tended to become 
convex towards the re-axis v*-x and 
V2-t curves were not straight but showed 
a convex curvature towards the r^-axis, 
even at the beginning. 

Ip the present arrangement the lowest 
side-limb was eliminated and the x-t 
curve was obtained as a straight line. The 
Vo-x curve was found to be regular on 
forming the boundary initially at a place 
well below the side-limbs. The displace¬ 
ment of the boundary with time has l>een 
observed in the left limb of the tube which 
contains no side-limbs ; while the potential 
measurements across the Ixmndary have 
been carried out in the limb of the U-tube 
containing the side-tubes. 

Greater care has been taken with 
regard to the following points than that 
in previous papers (loc.'cit ) : 

(a) All the solutions have been prepared 
by direct weighing in a 2-iitre volumetric 
flask instead of by the dilution of a stock 
solution. 

(b) The potassium iodoeosinate and potas¬ 
sium picrate used as the indicators have been 
recrystallised from conductivity water. 


Fig. i. 



(c) The current has been taken from a battery of accumulator cells 
giving 1 io volts. 

(d) The current has been read with an’ammeter reading directly up to 
2 * io* 7 ampere and has beeu checked with a standard potentiometer. 

(r) Reversible electrodes have been used. 

(/) The specific conductivities have been measured more accurately 
with a Hartmann and Braun bridge using a valve oscillator of variable 
frequency as the source of the alternating current. 

Sources of Error.—In the calculation of the transport number 
by the equation 
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T^ = 


v.Ck F 

u 


... (tit) 


where v represents the volume 
traced by the boundary ; C A the 
concentration of the A ion ; i, the 
current strength and t, the time ; two 
types of corrections are necessary as 
has been indicated by Lewis (/. A met. 
Chetn. Soc ., 1910, 82 , 862) and Longs- 
worth (ibid., 1932, M, 2741). However 
these corrections amount to less than 
o‘ 1 in centinormal solutions and need 
not be discussed for the present case. 


Fig 2 






v 



W . C* 

B* C i 


Constancy of Current .—In the measurements of Mcllines and others 
(Mclnnes and Longsuorth, Chetn Rev., 1932, 11 , T71; Hartley and 
Moilliet, Proc. Roy. Soc., 1933, AIM, 141) a given length of the leading 
solutioii in the moving boundary tube is continuously displaced by the 
corresponding length of the less conducting indicator solution. The total 
resistance of the system therefore goes 011 increasing and in order to keep 
the current constant some external arrangement is necessary [cf. the 
elaborate constant current arrangement of Mclnnes and collalx>rators (loc. 
cit.) and the thermionic valve arrangement of Hartley and collaborators 
(Hartley and Donaldson, Trans. Faraday Soc., 1937 , 457 )]* With 

Muklierjee’s cataphoretic apparatus, however, since the loss of conductivity 
in one limb is almost made up by the corresponding gain in the other, 
the current remains almost constant; hence an adjustment with a hand 
regulated rheostat serves the purpose. 


Potential (iradivnt in the Leading Solution. 

Since the concentration of the leading electrolyte above the Inninduiy 
does not change with the progress of electrolysis, the potential gradient may 
in the same way either be directly determined or calculated from formula 




(iv) 


K«.Q 

where K* is the specific conductivity of the liquid A* and Q, the cross- 
section of the tube. The following table gives sonic of the results on the 
potential gradient of the upper liquid determined directly and indirectly 

from equation (tv). 
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Table I. 

o' 02 N-KC 1 (Temp. 35°)- ^=0*003312 mho. /= 1*267 cm. Q= 0*2775 sq. cm. 


i (amp) * 10 •. 

v l (obs). 

*\ r - 

^AR <«>• lV) 

925 

1*287 volts 

i‘o 2 volts/cm. 

1*01 volts/cm. 

1100 


1*12 

1*12 


1*518 

y 1 

yt 

1500 

2'060 

1*^3 

1*63 


It is evident from Table I that the potential gradient in the upper 
electrolyte may be calculated from the current and cross-section of the tube 
without direct potentiometric measurements. This procedure was adopted 
for measuring the potential gradients in the leading solution in the 
present paper. 

Reproducibility of Measurements. 

The following table shows the reproducibility of results in a solution of 
o‘oiiV-KN03 with K^I of suitable concentration as the indicator solution. 
It will be evident that the transport numbers do not diminish chronologi¬ 
cally as in experiments previously reported (Mukherjee, Mitra and Bhatta- 
charyya, loc. cit. ; Mukherjee, Mitra and Sen-Gupta, loc. cit.). 

Table II. 

o*oiN-KN() 3 . Temp. = 35°. i = 200X io‘ r> amp. Sp- condty = i632 x io“ 6 mho. 


Time. 

Distance moved 

T 

NO3 

V XI ° 5 - 

NOs 

340 sec 

1 0 cm. 

0 480 

81*2 cm/sec. 

5 11 

1 5 

0479 

810 

681 

2*0 

0 480 

81 *2 

849 

2*5 

0 480 

81*2 

1017 

3 ‘o 

0 481 

8 i ’3 


Limits of Adjustment of Concentrations 

Tables III—V contain the results on the transport number and absolute 
velocity measuiements of the anions in centinormal potassium chloride, 
potassium nitrate and potassium sulphate solutions using various concen¬ 
trations of potassium iodoeosinate as the indicator solution. The results 
are generally reproducible within about 0-3% when the concentration of 
the indicator solution is greater than that demanded by equation (v) 
(vide infra), when the indicator solution is more dilute the results are 
less reproducible. I11 Fig. 3 are plotted the transport numbers of the 
leading ions against the concentrations of the indicator, and in Fig. 4, 
the absolute rates of migration of the leading ions against the specific 
conductivities of the indicator. 
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Curves 1-3 refer respectively to sulphate, chloride and nitrate. 
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Discussion. 

The results of various laboratories (loc. cit.) show a difference in the 
nature of adjustment curves. Mclnnes and co-workers (loc. cit.) working 
with falling boundaries have found that an adjustment is obtained only over 
a limited range of the indicator concentration on either side of which the 
results are vitiated. Hartley and co-workers (loc. cit.) on the other hand 
have found that with boundaries of the falling type quite reproducible results 
are obtained when the indicator solution has any concentration more dilute 
than that demanded by equation (v) (vide infra). The shapes of their curves 
are shown in Fig 5. 


Fig 5. 


A —Mclnnes & co-workers. 
B—Hartley & co-workers. 


The results of the present measurements, however, show that the range of 
adjustment is quite unlimited in the higher concentration range of the indi¬ 
cator since similar results have been obtained in the case of all the three 
electrolytes investigated. Similar observations were also made by Dongs- 
worth (/. Amer. Ckem. Soc., 1930, 62 , 1897) with rising boundaries between 
KC 1 and KIO,. 

The curves may be explained in the following way after the method of 
JUongsworth (loc. cit.). 

In Fig. 6 A and B are represented the two conditions, where the 
indicator concentration is respectively more concentrated and more dilute 
than the adjusted concentration. The following is the density relation 
between the indicator solutions : 



Concentration of indicator —^ 
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De'oiiV' > Do'oomat > Do*wm 
Fig 6. 
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Since in Fig 6A the lighter solution of the indicator is above the 
concentrated, the arrangement is left undisturbed, while in Fig. 6B the 
heavier solution of the indicator being above the lighter, the distribution is 
seriously affected by the difference in density. This will be more clear in 
the next section where we deal with the measurement of the indicator 
concentration behind the boundary. 

The nature of adjustment curves is exactly similar in the case of 
the three electrolytes investigated including the weak nitrate ion 
and the polyvalent sulphate ion. The adjustment depends only on the 
concentration of the electrolytes and not on their specific electrochemical 
character. 

Another point which may be mentioned is that the transport number 
increases linearly with C B , when C P is less than the adjusted concentra¬ 
tion. This linear relationship remains as yet to be explained. 


Concentration of the Indicator behind the Moving Boundary. 

Cady and Longsworth (/. Amer. Chem . Soc , 1929, 51, 1656) observed 
the increase in the total resistance in an autogenic moving boundary appa¬ 
ratus where a definite volume of the leading solution was displaced by the 
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indicator. They also measured the specific conductivity of the indicator 
solution behind the boundary with two platinised points. Both measure¬ 
ments showed within about 2% that the concentration of a solution behind 
a moving boundary adjusted itself according to equation (Hi). The deter¬ 
mination of Cbm yields a means of calculating T| u and F n of the indicator ion. 

Drew, Collie and Hartley (Trans. Faraday Soc., 1934,30, 648) have, however, 
shown that the method cannot be applied in dilute solutions. They design¬ 
ed an apparatus giving what they called a balanced boundary in which the 
indicator solution behind the boundary can be continuously transferred to a 
side vessel and its conductivity determined there. Hacker (Roll. Chem. Beih ., 
1935, 41 * 147) has shown by external analysis as well as by potentiometric 
measurements that the relation of Kohlrusch and Weber (Ann. Physik , 1897, 
62, 209; Sitzungsber. Berlin Acad., 1897, 936) holds good. 

In the previous communication from the laboratory (loc. cit.) the poten¬ 
tial gradient in the indicator P B « was determined by equation (it), as indicated 

before and F B was calculated from the relation Fn = — x -. The results 

t. Putt 

however varied as much as 30% and were always higher than the accepted 
values. 

The reason of this will be clear from the following considera¬ 
tion. The indicator BR (cf. Fig. 2) cannot be taken exactly at the 
adjusted concentration initially, it will be a little too concentrated or 
too dilute- Taking the latter case, the potential gradients along the 
cataphoretic tube may be represented by Fig. 7. Since C BR is more dilute 


Fig. 7. 



Length of the tube —> 


than C.B the potential gradient in the former will be greater than that 
in the latter. The boundary was initially at XX' and with progress 
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of electrolysis has come to YY' and a volume, of of the leading 
solution AR has been displaced by the same volutne of the indicator solution 
BR at the concentration C m . If the potential V % between BB' and C< ' is 

measured as the boundary moves then we have, = +Pb* —Par , and 

dx 

adding Par, to the latter we get Pea • If, however, the potential is measured 
between AA' and CC' as in previous measurements (Mukherjee, Mitra and 
Bhattacharyya. loc. cii. ; Mukherjee, Mitra and Sen Gupta, loc. cit.) we do 
not get Pbe but any value between Pbr and P'»* (potential gradient in 
solution). This then is the reason why the P. G. of previous measure¬ 
ments gave so erratic values of the absolute velocities of the indi¬ 
cator ion. 


Pig. 8 . 



In the present investigation a narrow cataphoretic tube with two 
side-limbs, fused near each other, has been used. The boundary was 
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formed between o-o2N-KC1 end various conceutratioas of potassium picrate 
In Table VI are given the results of a particular set of measurements where 
the concentration of the indicator was o-oaJV. Some of the results are also 
shown in Fig. 8. 


Table VI. 

Cone, of KCl=o'o2iV. K* c \ =3312 x io -6 mho. Cone, of K*c=o-o2N. 
/ir»,e=227i^io~ 6 mho Temp.=35°. Current * 1100 x io~° ampere. 


Time. 

Potential. 

Time. 

Potential. 

0 sec. 

1*512 volts 

2445 sec. 

2-622 volts 

300 

1*512 

2505 

2748 

480 

1-515 

2780 

3-072 

940 

i*5i5 

2820 

3126 

1395 

1-521 

3125 

3-558 

*700 

1*572 

3200 

3-636 

1755 

1-596 

3270 

3-699 

2160 

2-148 

3460 

3-695 

2195 

2*211 

35io 

3-693 


According to the theory of Kohlrausch (loc. cit.) and Weber (loc cit.) 
which need not be recapitulated here the concentration of the indi¬ 
cator behind a moving boundary should be adjusted according to the 
relation. 


C*/Cb=T*/T. ... (v) 

where C* and C» are the concentrations and T» and T* are the transport 
mini hers of the leading and indicator ions respectively. It also follows from 
the relation that 

V, /F*=PWP»« - (vi) 
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where V a is the absolute velocity of the leading ion and Vn % that of the 
indicator ion, Par and Pm being the two potential gradients. 

Substituting the values of Par, Pbr and V a in equatiod ( vi ) one gets the 
value of V B as the following :— 

F P ic= - 515 -x 86*3 x io~ 5 cm./'sec.=35*4 x io~ 5 cm./sec. 

3*693 

Since the specific conductivities are inversely proportional to the potential 
gradients, the specific conductivity of the picrate solution behind the 
boundary is found to to be 

-LSIftL x 0-003312=0*001358 mho. 

3*693 

The corresponding concentration is about 0*01195N. 

Applying equation (v) one gets for T PJC = — 52 4 — 9 . 2 119 ^- =*0301. 

0*02 

Table VIII gives the results of potentiometric measurements with 
0-02N-KC1 as the upper electrolyte and various concentrations of Kric 
as the indicator electrolyte. 


Table VII. 

Specific conductivity * io 6 


Cone, of 

KP. 

of the soln. used. 

behind the boundary. 

Vp x 10® 
cm./sec* 

0*02 N 

2271 

1358 

35*4 


11 

1357 

35*4 

0*0167 

1889 

1359 

35*4 

If 

11 

1359 

35-4 

0*0125 

14x8 

1369 

35*6 
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Table VIII (contd.). 
Specific conductivity * io 6 


-one. of 

KP. 

of the soln. used. 

behind the boundary 

Vp x iqA 
cnr/sec. 

0*012 5N 

1418 

1368 

35*6 

0*0111 

1270 

1419 

36*9 

tt 

ii 

1416 

36*9 

0*0105 

1228 

1523 

39*6 

tt 

tt 

1558 

40*6 


One can easily see from the results that when the indicator solution 
is more dilute than 0-012N, the specific conductivity of the solution behind 
the boundary is higher than the specific conductivity of the indicator 
at the adjusted concentration. This rise in the specific conductivity can 
only take place if some of the leading solution of higher specific conducti¬ 
vity comes inside the indicator layer. 

The absolute volocities of the picrate ion obtained in this paper may be 
compared with that obtained by Ulich (Trans. Faraday Soc ., 1927, 28 , 388). 
He found the mobility of the picrate ion at infinite dilution to be 30-1 at 
25° and kic x r\ to be 0*269, where r\ is the viscosity of the solvent. Dividing 
0*269 with the value of rj at 35 0 , i.e. t 0*007208 poise ( Int . Crit. Table , 1929, 
8, 10) one gets 37*4 as the mobility at infinite dilution at 35 0 . From 

this value, the mobility of the picrate ion at a dilution of 0*012 N at 35 0 

may be calculated by applying Onsager’s equation, and is found to be 
34*1 and the corrresponding absolute velocity to be 35*3 x io~ 8 cm./sec. 
The value is in excellent agreement with the value of the velocity of picrate 
ion found by the author at a concentration 0*012 N namely 35*5 x io~ 8 cm/sec. 
Ulich ( loc. cit.) also gives Id ’ / W = 2*54 at 25 0 and 2-20 at ioo°. 

Taking the ratio to be 2*50 at 35 0 and the absolute velocity of the chlorine 

ion at 35 0 to be 83*3 * io~ 5 cm./sec., in o*oi N solution, the absolute 
velocity of the picrate ion is found equal to 35*4 x 10 6 cm./sec. 

Summary. 

1. The range of the concentration of the indicator, within which the 
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transport number and absolute velocity of the leading ion remains constant 
has been investigated in the case of KC 1 , KNO, and K,S0 4 . 

2. It has been found that within the range of experimental accuracy 
namely about ±o - 3% the transport number and absolute velocity 
remains constant when the indicator liquid is more concentrated than is 
demanded by the theory of Kohlrausch and Weber. Beyond this range 
the measured transport number and absolute velocity increases with the 
diminution in the concentration of the indicator. 

3. The concentration adjustments in the indicator solution have 
been followed potentiometrically and it has been found that with concentra¬ 
ted indicator solutions dilute solutions of constant composition come out 
in every case. The absolute velocity and transport number of the indicator 
ion have been calculated from such measurements. 

My best thanks are due to Professor J. N. Mukherjee, D.Sc. for 
suggesting this work and for his advice and to the Calcutta University 
for granting a research scholarship under Prof. J. N. Mukerjee during the 
tenure of which this work has been carried out. 

Physical Chemistry Laboratory, 

University College of Science and Received September is, 1537. 

Technology,Calcutta. 
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" Aohema 99 Jahrbuch 1937. It is a handbook which gives a detailed 
information and description of the 8th exhibition of German Chemical 
Engineering Plants, that took place this year at Frankfurt on the 
Main from the 2nd to the nth of July. The products of 360 
exibitors were displayed in seven halls that covered a total floor area 
of over 250.000 square feet and employed more than 29 miles of electrical 
wiring, which supplied light and power for the illumination and operation 
of the various exhibits, many of which were actually demonstrated to 
show the working of the full-size plants in service. 

The book opens with the history of the “ Achema ” which was started 
in 1920 in a much more modest form, and has since been held from time to 
time in the more important towns of Germany in ever-increasing dimensions. 
This development is vividly explained by the help of diagrams and graphs, 
and then follows a detailed account of the various exhibits displayed in the 
last exhibition, classified under the following heads : 

(1) Scientific laboratory apparatus and industrial equipments. 

(2) Metallic and non-metallic apparatus, machines and vessels, and 
their starting materials. 

(3) Artificial substances, their manufacture, manufacturing processes 
and plants. 

(4) Complete manufacturing plants for the production of chemicals 
and allied substances. Workshop appliances and the fabrication 
of chemical plants. 

(5) German artificial fibres : their production and utilisation in the 
industries. 

(6) Contemporary Scientific Journals and Periodicals of Germany. 

The most striking feature of this exhibition was the library, as well as 
a series lectures on Chemical Engineering, that were made available to 
intending members of the German Chemical, and Engineering Societies, 
and to bona fide students of the various German Universities. 

The book is not only of considerable value as a guide to the visitors, but 
the detailed descriptions of the most up to date machineries and plants, 
together with the numerous technical advertisements incorporated into it, 

8 
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have made it a valuable book of reference, particularly to those who did not 
have the good fortune of visiting the exhibition itself. 


C. B. 

Deohema Monographien, Band 9. The ninth volume of the 
" Dechetna ” monographs, contains eight papers (Nos. 81-88), on 
three general subjects, viz., " Researches on Chemical Engineering 99 
(three papers), Electro-thermics in Chemical Technology ” .(four 
papers), and “ Separation of gases in Technical Filtration Processes ” 
(one paper). All these papers were previously published in the ninth 
and tenth volumes of the lf Chemische Fabrik ” during 1936 and 
1937, and represent a selection from all the papers published therein in 
the respective fields. 

The book begins with an article by P. Duden, which describes the work 
done by the “ Decheina ” during the last 10 years, with a brief history and 
the present position of the same, and elucidates the relation between 
chemists and engineers as well as the part expected to be played by Chemi¬ 
cal Engineers, in industrial enterprises. 

The special feature of the articles are the minimum mathematical 
considarations on the one hand, combined with the maximum amount of 
practical details of the respective problems and their solutions. The articles 
are profusely illustrated which adds to their interesting and helpful aspects. 
The volume is of particular utility to chemical engineers interested in the 
above subjects. 


C. B. 



THE CONSTITUENTS OF D1DYMO-CARPUS PEDICELLATA. 
PART I. ISOLATION OF A NEW SERIES 
OF COLOURING MATTERS. 

By Saumuzzaman Siddiqui. 

Didymo-caipus Pcdiccllata, N. O. Gesneiiaceac, (Hindi, Pathar Phori : 
Sanskrit, Shila-Pushp ; Persian, Berg-i-Sang) is a small herbaceous plant 
found in the subtropical western Himalayan regions from Chamba to 
Kumaon at an altitude of 2 500-5,500 ft. The stem is nearly absent, 
sometimes upto i%" long, and carries two or three pairs of opposite, glabrous, 
cauline leaves. The dry leaves have a characteristic spicy odour and appear 
dusted with reddish colouring matter They are highly reputed in the 
indigenous medicine as a cure for kidney and bladder stones but the herb 
is not mentioned in Dymock's " Pharmacographica Iudica " or Wehmer's 
** Pflanzenstoffe (Ed, 1030).” and no chemical investigation of it appears to 
have been so far undertaken. 

As a result of the present investigation the following well-defined 
crystalline products have been isolated and characterised, 

1. Pedicin, CjgHisOe : C 14 H 7 -CO(OMe) 3 (OH) 2 , m. p. 145 0 , 
bright orange-red elongated rectangular plates (yield, i-o%). 

2. tsoPedicin, Ci 8 Hi 8 0 6 , m.p. *05°, star-like aggregates of pale 
yellow piismatic rods and needles (yield, 0-4%). 

3. Pedicinin, C 1(] H 12 O g : Ci jH 8 0 4 (OH)(OMe), m.p. 203°, carmine 
red aggregates of stout rods and needles (yield, 0*3%). 

4. Pedicellin, C20H22O0 : C lr >H 7 0 ( 0 Me) 5 , aggregates of colourless 
rectangular plates, m.p. 98° (yield, i*o%). 

The yields given above are the maximum noted in three samples worked 
and are based on the weight of air-dried, powdered leaves. fsoPedicin 
could be isolated from only one of these samples in which the yields of 
pedicin and pedicinin were considerably lower than the maximum (about 
o-5 and o-i% respectively). The yield of pedicelliu did not appreciably 
vary in the different samples. Stocking the drug for a longer period was 
found to materially lower the yields of all the crystalline products. The 
molecular formulae, noted above, have been fixed on the basis of C, H, 
methoxyl and M. W. values. On the basis of C, H and M. W. estimations 
pedicellin could also be given the formula C 2 .iH M 0 7 but its methoxyl 
value definitely points to the lower formula. Pedicin, on the other hand, 
gave abnormally low M. W. values by cryoscopic and ebullioscopic methods, 
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and also after Rast, but the Cj 6 -formula for it was indicated by the values 
found for its single methoxyl group, and definitely established by the C, H 
and N values for its ammonium salt, CieHj x 0 6i NH 4 , and the estimation 
of barium in its basic barium salt, Ci 6 H n 06,BaOH. 

The principal colouring matter, pedicin, which has been more fully 
investigated, was found to give a phenylhydrazone, showing the presence of 
a keto group in its molecule. It gave colouration with ferric chloride, was 
soluble in dilute caustic alkalies, insoluble in sodium carbonate and gave 
a water-insoluble lead salt. The presence of a phenolic hydroxyl in it is 
thus indicated. It also yielded a di-benzoyl derivative, whereby all the 
oxygen atoms in its molecule are accounted for as expressed in the formula 
noted for it above. It is unsaturated to bromine and could be reduced with 
Zn and HC 1 to a colourless hydro-derivative, whose analysis, however, 
indicates some other changes also, apart from the reduction of the double 
bond. In contrast to pedicin, pedicinin failed to give a phenylhydrazone, 
gave only a monoacetyl derivative and was soluble in dilute sodium 
carbonate solution. A discussion on the constitution of these products, 
which appear to be chalkone derivatives, will form part of a subsequent 
communication. 

Apart from the pioducts isolated and described in the present paper, an 
essential oil was also separated (yield, about i-S%), which will be dealt with 
in a separate paper along with further constituents of the drug. 


Experimental. 

The drug was especially collected and supplied by the Himalayan Drug 
Company, Delira Dun and kindly identified by Mr. C. K. Parkinson, the 
Botanist of the Forest Research Institute, Dehra Dun, to whom the author 
feels deeply indebted. 

After preliminary investigations for finding out the best method for 
extracting the various constituents of the drug, 4 kg. of the air-dried, 
glandular leaves were coarsely powdered and extracted with ether in a 
modified Soxhlet apparatus. The ethereal extract was concentrated to a 
small volume (about 1 litre) and allowed to stand at the ordinary tempera¬ 
ture for several days, when a bright orange coloured crystalline powder 
(50 g.) forming the major portion of the colouring matter contained in the 
leaves, separated out ; 18 g. of the crude colouring matter were further 
obtained on extraction of the etheieal mother liquors with dilute caustic 
soda solution, acidifying the alkaline solution with hydrochloric acid and 
cooling the ethereal extract of the acidic portion thus obtained. The 
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original ethereal layer, containing the neutral matter insoluble in caustic 
soda, was acidified with hydrochloric acid, washed with water, dried over 
sodium sulphate, concentrated to a small volume and kept in the cold, 
when a large quantity of a nearly colourless crystalline product (crude 
pedicellin) separated out, the mother liquors yielding a further quantity 
of it on treatment with petroleum ether. The highly odorescent dark 
green residue, obtained on removing the solvent from the final filtrate from 
this product, was subjected to steam distillation. The non-volatile residue 
was extracted with ether and again separated into acidic and neutral 
fractions as stated .above, when the neutral portion yielded through ether 
and petroleum ether mixture a further quantity of the crystalline neutral 
product (total yield, about 40 g.). The light greenish yellow product of 
steam distillation (yield 70 g. ; 1*8% on the wt. of the dry leaves) will be 
taken up, along with the constituents of the acidic mother liquors of the 
colouring matter and the mother liquors of crystalline neutral product, 
in a subsequent communication. 

68 G. of the crude colouring matter were repeatedly extracted with ethyl 
acetate. Through alternate fractional crystallisation of the ethyl acetate 
soluble portion from benzene and ethyl acetate, 45 g. of pure pedicin 
(m.p. 145 0 ) were finally obtained. The portion insoluble in ethyl acetate gave 
on repeated crystallisation from chloroform 11 g. of pedicinin (m.p. 203°) 
as a carmine-red, silky, crystalline product. No pedicine was obtained in 
this working. In a subsequent working of 500 g. of a fresh sample of the 
leaves, the mother liquor from pedicin gave i-8 g. of isopedicin on repeated 
crystallisation of the fraction soluble in dilute ammonia (ca. 5%) from a 
mixture of ethyl acetate and ether, as a pale yellow crystalline product 
showing the end m.p. 105°. The crude neutral matter referred to above 
(40 g.) gave 30 g. of pedicellin on repeated crystallisation from ether, as a 
colourless, crystalline product finally melting at 98°. 


Chaiactcrisalion of ihe Constituents. 

Pedicin (C] gHigOc).—Pedicin is fairly soluble in alcohol and chloro¬ 
form, less so in ethyl acetate and benzene, sparingly -soluble in ether and 
nearly insoluble in petroleum ether. It dissolves in dilute caustic soda 
and fairly concentrated ammonia to a deep brownish red solution with a 
violet colour but not in sodium carbonate, and gives an amorphous dirty 
red precipitate with lead acetate in alcoholic solution. Its alcoholic 
solution gives an evanescent greenish blue colouration with ferric chloride 
quickly changing to pale yellow which then slowly develops into deep red 
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and later reddish brown. It crystallises from organic solvents in bright 
orange-red, elongated, rectangular plates, m.p. 145 °. It gives a reddish 
violet colouration with caustic soda and a deep red solution with concen¬ 
trated sulphuric acid. [Found : C, 65.4 ; H, 5^3 ; OMe (after Zeisel), 27*2 ; 
M.W. (cryoscopic in phenol), 315 ; (after Rast), 328. Ci 8 H] 8 O e requires C, 
^5 5 J H, 5*5 ; OMe (for 3 methoxyls), 28'i per cent; M.W. 330 ; C 2 iH ao O T 
requires C, 65*1 ; H, 5*2 ; OMe (for 3 methoxyls), 24*2, (for 4 methoxyls), 
32*2 per cent ; M.W., 384]. 

The Phcnylhydrazone (CigHnjOr,: N’NH'C^H.-,).—Pedicin (o’5 g.) was 
heated with phenylhydrazine (o’5 c.c.) on a water-bath and glacial acetic 
acid (2 c.c.) added to the light red solution. After further heat¬ 
ing for about 10 minutes in the course of which the colour deepened, water 
was added to the reaction mixture when a reddish pasty mass separated 
out which was well washed with water. On agitating it with a little hot 
alcohol a straw coloured silky, crystalline product resulted, which was filtered, 
washed with alcohol and dried (yield 0*3 g., 50% of theory). The phenyl¬ 
hydrazone, thus obtained, took on a greenish tinge on heating in solvents. 
It is very sparingly soluble in ether, faiily soluble in alcohol from which it 
crystallises in bundles of slender needles, m.p. 165-67°. (Found after 
drying at ioo° in vacuo over P2O3 : C, 68‘6 ; H, 5*8. C 24 H 24 O s N 2 requires 
C, 68*6 ; H, 5*7 per cent). 

The deep red filtrate from the phenylhydrazone gave a carmine-red, 
nitrogenous crystalline product, m.p. 190°, which will be described and dis¬ 
cussed in a subsequent communication. The respective yields of the two 
crystalline products obtained through the action of phenylhydrazine on pedi- 
cine vary with the exact conditions employed, particularly with the dura¬ 
tion of heating. The method given above was found to be most favourable 
for the regular phenylhydrazone (m.p. 165-67°). 

Dibenzoyipcdicin [C 18 H ltt O c ‘(C G H 0 CO) 2 J.—Pedicin (0*3 g.) was dissolv¬ 
ed in pyridine (5 c.c.) and benzoyl chloride (1*2 c.c.) was slowly added to 
the deep red solution with good cooling and stirring, whereby the colour 
lightened to pale orange and a white crystalline mass separated. After 
allowing the reaction mixture to stand for about an hour in the course of 
which the colour began to deepen, it was diluted with water and shaken up 
with a mixture of ethyl acetate and benzene. The light red benzene layer 
was well washed with water, dilute acetic acid and again with water, dried 
over sodium sulphate, filtered and concentrated, when pedicin benzoate 
crystallised out in colourless, short, scattered rods, which on recrystallisation 
from benzene melted at 181-83°. The mother liquors gave a further crop of 
crystals, m.p. 181 0 , (total yield 0*3 g., 60% of theory). It is sparingly 
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soluble in ether and petroleum ether, fairly soluble in alcohol, ethyl acetate 
and benzene and yields the original colouring matter and benzoic acid on 
warming with alcoholic caustic potash for 5-10 minutes on the vvater-batli. 
(Found after drying at ioo° in vacuo over P a ()., : C, 71*1 ; H, 4*8. C 3 3H 20 O h 
requires C, 71*4 ; II, 4*8 per cent). 

Dibenzoylpcdicin was also obtained through Ixir/oylation with caustic 
soda and benzoyl chloride, but the yields by this method were poorer and 
the isolation of the pure product more difficult. 

Reduction oj Pedicin .— A solution of pedicin (0*3 g.) in glacial acetic 
acid was shaken up in a small separating funnel with hydrochloric acid 
(10%, 1 c.c.) and ether (10 c.c.) with addition of small quantities of zinc 
dust till the original bright red colour had disappeared and a pale straw 
coloured ethereal solution was obtained. The ethereal layer was well washed 
with water and concentrated after drying, when the hydro product separated 
out as a straw coloured crystalline mass, which was fairly soluble in alcohol 
and ethyl acetate, less so in ether, sparingly soluble in petroleum ether, and 
on recrystallisation from ether melted at 211 \ (Found after drying in vacuo 
over PoCh, : C, 64*6 ; H, 5 a 9.C 1R H ao Os requires C, 64*5 ; H, 5*0. C 18 H 2 20 6 

requires C, 64*7 ; H, 4*5 per cent). 

iso Pedicin (C l8 H 18 Q 6 ).—i.voPedicin is readily soluble in alcohol and 
ethyl acetate, less so in ether, very sparingly in petroleum ether. It 
dissolves in dilute ammonia and is precipitated from the ammoniacal 
solution by hydrochloric acid. It crystallises from organic solvents in aggre¬ 
gates of pale yellow prismatic rods, m.p. 105°. It gives a deep red solution 
with concentrated sulphuric acid and on adding ferric chloride to its alcoholic 
solution it slowly develops a deep red colouration which later turns reddish 
brown. In contrast to pedicin it appeared to be saturated to bromine in the 
cold. (Found after drying at 50° in vacuo : C, 654; H, 5*5. Ci 8 H 18 () § 
requires C, 65*5 ; H, 5*5 per cent). 

Pedicinin (Ci 6 H, 2 ( ) b J.—Pedicinin is fairly soluble in alcohol and chloro¬ 
form in the hot, sparingly in benzene, nearly insoluble ih ethyl acetate and 
ether, insoluble in petroleum ether and crystallises in aggiegates of carmine- 
red, stout lods and needles, m.p. 203°. It dissolves in dilute caustic soda, 
ammonia and also in sodium carbonate forming orange-red to deep red 
solutions and gives an amorphous dirty red precipitate with lead acetate 
in alcoholic solution. Like pedicin and isopedicin it gives a deep red 
solution with concentrated sulphuric acid. On adding ferric chloride to its 
alcoholic solution it gives in contrast to them an immediate deep reddish brown 
colouration. [Found after drying at ioo° in vacuo over P a 0 6 : C, 64*1 ; 
H, 4*1 ; OMe (after Zeisel), 10*3 ; M. W. (cryoscopic in phenol), 172, 
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(ebullioscopic in benzene), 150; (after Rast), 227. C 16 H 12 0 6 requires C, 64*0 ; 
H, 4'i ; OMe (for 1 methoxyl), 10.3 per cent; M. W., 200). 

The Ammonium salt (C 16 H n 0 6 , NH 4 ) was obtained on passing dry 

ammonia gas through a chloroform solution of pedicinin as a dark red 

powder in a quantitative yield. It is easily soluble in water forming a 
red solution and sparingly soluble in alcohol from which it crystallises 
in dark red stout rods, m.p. 149 0 , while the uncrystallised salt melts at 
145 0 . (Found after drying at ioo° in vacuo over P 2 0 5 : C, 60*23 J 
H, 5*38 ; N. 4*60. C 16 H 15 0 6 N requires C, 60*56 ; H, 4*73 ; N, 4*41 
per cent). 

The Barium salt (C 16 H n 0 6 Ba 0 H) was obtained on adding 

aqueous solution of barium hydroxide to an aqueous solution of the 

ammonium salt as a dark red semi-crystalline powder which was insoluble 
in the usual solvents and did not melt. (Found : Ba, 30*3, 30*7. C 16 H 12 0 7 Ba 
requires Ba, 30*3 per cent). 

Monoacetyl pedicinin (CioHnO'OC’CHg).— Pedicinin (0*2 g.) was 
heated on the water-bath with acetic anhydride (6 c.c.) and a crystal of 
fused sodium acetate added to the solution when a temporary darkening of 
colour ocurred, which later on changed to orange-yellow. Water was 
then added to the reaction mixture. The yellowish oily layer, thereby 
obtained, later turned into a light yellow crystalline mass which, on 
recrystallisation from ethyl acetate, gave the acetyl derivative as light 
yellow, scattered, prismatic rods, m.p. 175 0 , in a nearly quantitative yield. 
(Found after drying at ioo° in vacuo : C, 63*3 ; H, 4*2. C 18 H 14 0 7 requires 

C, 62 9 ; H, 4*1 per cent). 

Pedicellin (CaoH^OJ.—Pedicellin is fairly soluble in alcohol and ethyl 
acetate, sparingly soluble in ether, nearly insoluble in petroleum ether, and 
crystallises from all these solvents in aggregates of rectangular plates, m.p. 
98°. It is insoluble in alkali and gives a deep red colouration with concentrated 
sulphuric acid. [Found after drying at 50° in vacuo : C, 67*2 ; H, 6*3 ; M.W. 
(after Rast), 312, (cryoscopic in phenol) 469; Me (after Zeisel’s method), 43*0. 
C ao H 22 0 6 requires C, 67*0; H, 6*i; M.W. 358 ; OMe (for 5 OMe), 43*0 per 
cent. C 23 H 24 0 7 requires C, 67*0; H, 6*2; M.W.,421; OMe (for 5 methoxyls), 
37*6; (for 6 methoxyls), 45*1 per cent). It does not form an acetyl or a 
benzoyl derivative by the usual methods and apparently does not contain 
a hydroxyl group in its molecule. 

Research Institute, 

A. & U. Tibbi College, 

Delhi. 
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STUDIES IN INDIGOID DYES. PART II. 

Bv Sisir Kumar Guha. 


In the acenaphthenequinonc series Martinet's rule (Rev. Gen . Mat . 
Col, 1921, 25 , 17) is applicable to 2-thionaphthene-acenaphthyleue-indigos 
(Bezdzik and Friedlander, Monalsh ., 1908, 29 , 386 ; K P. 344/08 ; G. P. 
226244 ; Mayer and Schonfelder, Bcr ., 1922, 55 , 2972 ; G. P. 213504 ; 
E. P. 20003/08 ; Guha, /. Indian Chenu Soc., 1932, 9 , 423) and in the 
isatin series to 3-indole-2'-thionaphtheneindigos (Bezdzik and Friedlander, 
Monatsh., 1908, 29 , 376 ; E. P. 17162/06 ; G. P. 241327 ; E. P. 19158/07 ; 
G. P. 277358) as far as one Me group in the thionaphthene nucleus of the 
molecule is concerned (Guha, /. Indian Chcm, Soc., 1933, 10 , 679', 1936, 
13 , 94 ; Guha and Basu-Mallik, ibid., 1934, 11 , 395 ; Guha, ibid., 1937, 14 , 
240). The dyestuffs obtained by the condensation of a-chloride of isatin 
and 6-methyl-3-hydroxythionaphthene and 5-methyl-3-hydroxythionaph- 
thene respectively and their derivatives may also be compared. (F. P. 
693903 of 14/4/1930 ; Chem Zcniil, 1931, 102 , I, 2944 ; A.P. 1850758 of 
10/12/1930. Chcm. Zcnirl, 1932, 103 , II, 1374)- 

In another communication (Guha, J. Indian Chcm. Soc., 1935, 12 , 659) 
5-methyl detivatives of benzylidene-2-thionaphthene (Auwers and Arndt, 
Ber., 1909, 42 , 543) and its various substituted products and also that of 
bis-2-thionaphthene-ethyleneindigo (Friedlander and Risse, Bcr., 1914, 47 , 
1924) were studied. The object of this investigation was to obtain their 
corresponding 6-methyl derivatives and to examine if Martinet’s rule holds 
good in the series as well having only one Me group in the thionaphthene 
part of the molecule of the compounds. 

With this object in view, 6-methyl-3-hydroxythionaphthene (Fried¬ 
lander, 9 , 589 ; Auwers and Thies, Bcr., 1920, 53 , 2293) was condensed 
with glyoxal, benzaldehyde, £-nitro-, and />-dimethylamino-benzaldehyderes¬ 
pectively and the corresponding dyestuffs obtained. Here those aldehydes 
only have been selected which gave rise to compounds of fairly prominent 
colours in the 5-methyl series (Guha, loc. cit.). The *6-methyl compounds 
described here resemble the corresponding 5-methyl derivatives in crysta¬ 
llising power, in solubility and in developing shades on wool and on cotton, 
unless mentioned otherwise in the experimental part. The colours, deve¬ 
loped on wool and on cotton from the substances described in this part, 
are pronouncedly lighter in shade than those obtained from the correspon¬ 
ding 5-methyl compounds (Guha, loc. cit.) showing that Martinet's rule i? 
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also applicable to this series of compounds. A comparison of some of the 
colours on wool and on cotton obtained from the compounds of the two 
series is given below. 

Names. Dyeing shades 



on wool. 

on cotton. 

bis- 2(6 Methvll-thionaphthene-ethvlene- 
indigo 

Scarlet red 

Deep scarlet-red 

hi 9-2^5-Mcthvl) *thionaphthene-€‘th\ lene- 
indigo 

Dark red 

Violet-red 

4'-Nitro-benzylidene-2-(6-methvl,-thionaph- 

thene 

Deep yellow 

Yellowish orange 

/\ '-Nitro-1 >enzy 1 idene-2-' 5 methyl)-thionapli - 
thene 

Orange vellow 

Light orange 

/|'-Diinethylaminobenzylidenc-2-(6-niethvl)- 

tiiionaphthene 

Cinnabar red 

Light pink 

/| / -I>iniethylaminc)bcnzylidene-2^5-meth> , h- 

thionaphthene 

Cinnabar red 

Pink 


2:3-Naphthoxythiophene (Friedlander and Woroshzow, Annalen, 1912, 
3S8, 18) was condensed with accuaphthenequinone and a blue-red dye was 
obtained. This dye on bromination gave a blue-red product (Schwz 
P. P. 107133-35 of 29/3/23. Chcm. Zenitl ., 1925, 96, II, 860). L,ater on 
Dutt (Ber. f 1934, 67, 1326. r/. Ii. P. 209092 of 27/12/23) prepared the 

same mother compound'and has described it to be rose-violet. The present 
author has condensed 3-chloro-, 3-bromo-, and /3-methoxyacenaphthene- 
quinone with 2:3-naphthoxythiophene respectively with a view to study the 
effect of different elements or groups on the colour of the mother compound 
and the corresponding dyes prepared. These are all red-violet substances, 
the methoxy derivative possessing the deepest shade of the three. They 
are sparingly soluble in acetic acid, amyl alcohol, and less so in alcohol, 
and «*are soluble in nitrobenzene They melt when heated above 305 0 
and quickly volatilise evolving vapours of the respective substances. They 
dissolve in strong sulphuric acid with a green colour from which water 
reprecipitates the original substances. The halogenated products are re¬ 
duced by alkaline hydrosulphite producing green vat from which the original 
dyes are reprecipitated by oxidation with air. The methoxy derivative 
could not be easily converted into a soluble vat. The dirty white colour 
developed, after repeated trial, on cotton from the alkaline vat turned light 
violet by atmospheric oxidation. [c/. 2-thionaphthene-8'-(i'-methoxy)- 
acenaphthyleue-indigo, its 5-methyl and 6-methyl derivatives only. Stau- 
dinger. Goldstein and Sehlenker, Helv. Chim . Acta, 1921, 4 , 342; Guha, 
loc. cii.]. 
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Experimental 

The bts-2(-6-methyl)-thionaphthene-ethyleneindigo and benzylidene-2- 
(6-methyl)-thionaphthenes described below were prepared in the same way 
as the corresponding 5-methyl compounds (Guha, loc. cit.). 

bis-2-(6-Methyl)-thionaphthene-ethyleneindigo. 



It was prepared from glyoxal sodium bisulphite (0*568 g.) in 15 c.c. 
of water and 6-methyl-3-hydroxythionaphthene (0*656 g.) in hot absolute 
alcohol (40 c.c.) and concentrated hydrochloric acid (10 c.c.). The dye 
(0*381 g.) crystallised from toluene in deep red shining needles, m.p. 300° 
(decomp.). It is soluble in chloroform, difficultly in benzene, toluene, and 
sparingly soluble in carbon tetrachloride and less so in petroleum ether. It 
dissolves in concentrated sulphuric acid with a green colour and dyes wool 
in pleasant scarlet red shades from an acid bath and cotton in deep scarlet 
red shades from a deep yellow vat. (Found : S, 18*71. C 20 H li O a S a requires 
S, iS’28 per cent). 

Benzylidene-2-(6-methyl) m thionaphthene . 


CO 



It was obtained as yellow rectangular substance from benzaldehyde 
(0*424 g.) and 6-methyl 3-hydroxythionaphthene (0*656 g.) in hot absolute 
alcohol (10 c.c.) and concentrated hydrochlioric acid (2 c.c.). The product 
(0*839 £•) crystallised from dilute alcohol in silky long yellow rectangular 
crystals, m. p. 134-35 0 . It dyes wool in yellow shades from an acid bath. 
(Found: S, 12*46. C 16 H l2 OS requires S, 12*69 per cent). 

4 f -Nitro-beMylidene-2-(6*methyl)-thionaphthene separated as yellowish- 
prattge crystalline precipitate from £-nitrobenzaldehyde (0*453 g.) and 6- 
methyl-3-kydroxythionaphthene (0*492 g.) in 22 c.c. of hot absolute alcohol 
and concentrated hydrochloric acid (3 c.c.) The substance (0*738 g.) crystal¬ 
lised in long silky yellowish orange needles, m. p. 228-29°. It is moderately 
soluble in alcohol. The solution in concentrated sulphuric acid is purple. 
It dyes wool in deep yellow shades from acid bath and cotton in yellowish 

3 
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orange shades from an orange vat. (Found : S, 11*19. CjgHuOsNS 
requires S, 10*77 per cent). 

4 f -Dimethylaminobenzylidene-2-(6*methyl)-thionaphthene .—A greenish 
yellow crystalline precipitate of the hydrochloride of the base was obtained 
by condensing £-dimethylaminobenzaldehyde (0*596 g.) and 6-methyl-3-hy- 
droxythionaphthene (0*656 g.) in hot absolute alcohol (13C.C.) and con¬ 
centrated hydrochloric acid (1*5 c.c.) It gave on washing with dilute alcohol 
the red dye (0*985 g.). It crystallised from methyl alcohol in hexagonal 
iridescent prisms, m.p. 193°. It is soluble in petroleum ether. It dissolves 
in concentrated sulphuric acid with a violet red colouration. It dyes 
wool in cinnabar red shades and cloth in light pink colour from a faintly red 
vat. (Found: S, 11*13- Ci 8 Hi 7 ONS requires S, 10*84 per cent). 

2:3-Naphthathiophene-8 r -{3 f -chloro)-accnaphthylene-indigo. 

The red-violet small needles, obtained from 3-chloro-acenaphthene- 
quinone (0*649 g.) and 2 :3-naphthoxythiophene (0*6 g.) in 70 c.c. of boiling 
glacial acetic acid and 4 c.c. of concentrated hydrochloric acid by heating for 
15 minutes, were purified by heating with acetic acid and crystallised from 
nitrobenzene in beautiful clusters of long needles. It is difficultly soluble in 
pyridine, xylene, moderately soluble in chloroform. It dyes cotton in red 
violet shades from an alkaline hydrosulphite vat. (Found: Cl, 9*24. 
C24H11O2CIS requires Cl, 8*91 per cent). 

2 : yNaphthathiophenc-8 f -(3 f -bromo)-acenaphthylene-indigo was prepar¬ 
ed from 3-bromoty-acenaphthenequinone (0 783 g.) and 2:3-naphthoxythio¬ 
phene (o’b g.) in 80 c.c. of boiling acetic acid and 4 c.c. of concentrated 
hydrochloric acid. The red-violet crystalline precipitate was purified and 
crystallised in the same way as the preceding compound. It possesses 
properties similar to the preceding compound. (Found: Br, 18*27. 
C24H1 jOgBrS requires Br, 18*05 per cent). 

2 : yNaphthathiopheneS'-ii'-methoxy)-acenaphthylene-indigo separated 
as deep red-violet needles from / 3 -methoxyacenaphthenequinone (1*06 g.) 
and 2:3-naphthoxythiophene (1 g.) in 130 c.c. of boiling glacial acetic 
acid and 10 c.c. of concentrated hydrochloric acid by heating for 30 
minutes. The dye is soluble in pyridine, aniline, difficultly soluble in 
chloroform. It dyes cotton in light violet colour. (Found : S, 7*79. 
C25H14O3S requires S, 8*12 per cent). 

Chemical Laboratory, 

Science Couegb, Received September 6, 1937. 
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QUINOLINE DERIVATIVES. PART III. 


By Tkjendra Natii Ghosh. 

Many sulphur compounds have been suggested as useful antiseptics, but 
few have kept their place in therapeutics, the chief exception being ichthyol* 
The therapeutic value of ichthyol oils has been attributed to the presence of 
alkylthiophens (Scheibler, Arch . Pharm ., 1920, 258 , 84). The influence of 
the thiopheu radicle in increasing the therapeutic activity has been demon¬ 
strated by Hartmann and Wybert ( Helv . Chim . Acta , 1919* 2 , 60) who 
have replaced the phenyl group in the cinchophen molecule by the thiophen 
radicle and have found that the resulting product possesses marked anti¬ 
phlogistic and analgesic properties. 

In view of the above findings, it seemed of considerable interest to 
synthesise a compound in which the thiophen ring is fused with the quino¬ 
line residue. With this object in view, ethyl 3:4-dihydroxythiophen -2:5- 
dicarboxylate (Hinsberg, Ber ., 1910, 48 , 90l) has now been allowed to 
react with aniline at 170-75°, when the dianilide (I) is obtained. When 
treated with strong sulphuric acid at ioo°, the compound (I) furnishes the 
quinoline derivative (H). 


OH’C_COH 


PhNH'CO'C C’CO’NHPh 

\/ 

s 


HOsS, 


/\ 




N W 

C 8 

I 

OH 


CTOH 

CH 


(I) 


(II) 


By boiling with concentrated hydrobromic acid (c/. Besthron and 
Jaegtd, Ber., 1894, 27 , 907), the sulphonic group in compound (n) could 
not be elimina ted, only the corresponding hydrobromide being formed by 
this treatment. The compound (H) is, therefore, amphoteric, as it forms 
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a hydrochloride or hydrobromide as well as a metallic salt. Further, it is 
interesting to note that the presence of a sulphonic group has been found to 
enhance the therapeutic activity of many organo-metallic compounds 
(cf. Solganal and ‘ Krysolgan, Freund, Beitr. Klin. W ochenschr, 
1928, 68 , 606). 

In order to form quinoline residues on both sides of the thiophen ring, 
action of phosphorus pentoxide on the compound (I) was tried, but 
without success. A similar difficuly in forming pyridine rings onf both 
sides of a benzene nucleus has been encountered by Marckwald and Schmidt 
( Annalen , 1893, 271 , 367). 

In recent years, an ideal antimalarial has been sought in glyoxalino- 
quinolines by Narang and Ray (/. Chem. Soc., 1931, 976). It has been, 
therefore, thought worth while to synthesise a benziminazolylquinoline 
derivative so that its antimalarial properties may be studied. 2-Methyl- 
benziminazole, in which there is a reactive methyl group (Mills and Smith, 
/. Chem . Soc., 1922, 121 , 2724), has now been condensed with ethyl 
oxalate in presence of sodium ethoxide to yield the compound (III). 



(Ill) 


It was planned to utilise the compound (III) for the synthesis of bis - 
benziminazolylquinoline derivative, but the compound (III) could not be 
condensed with o-nitrobenzaldehyde under many conditions tried. 

Experimental. 

2 ' s-Diphenylcarbamtdo-y 4-dihydroxy thiophen (I).—A mixture of ethyl 
3:4-dihydroxythiophen-2:5-dicarboxylate (10*4 g.) and aniline (7*5 g.) was 
heated on an oil-bath at 160 0 for 30 minutes and at 170-75° for 2\ hours. 
The dark pasty mass was triturated with alcohol and the solid was then 
filtered and washed several times with alcohol. It crystallised from dilute 
pyridine in colourless needles, m.p. 292-93 0 (decomp., producing an intense 
eenish black colouration), yield 8 5 g. It is insoluble in glacial acetic 
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acid and alcohol. It is soluble in cold alkali (the alkaline solution being 
coloured yellow) and precipitated by acids. It is unaffected by boiling with 
concentrated hydrochloric acid. A pyridine solution of the substance gives an 
intense greenish black colouration with ferric chloride. [Found : N* 7*96 ; 
S, 873; M.W. (by titration), 350. Ci 8 Hi 4 0 4 N 2 S requires N, 7*90; 
S, 9*04 per cent. M.W., 354]. 

^-Hydioxyihiophen^^is'.^-^-hydroxyquinoline-sulphonic Acid (II).— 
The above compound (I, 6 g.) was heated with concentrated sulphuric acid 
(30 c.c.) on an oil-bath at 100 0 for 3 hours. Effervescence was noticed in 
the reaction mixture, which was allowed to cool and poured into ice-cold 
water. The presence of aniline in the acid solution was confirmed by 
diazotisation and coupling with #-naphthol. The clear acid solution was 
treated with excess of sodium carbonate and filtered from slight pasty mass. 
The solution was next acidified with dilute hydrochloric acid, when a 
greenish white amorphous solid was obtained, which was twice crystallised 
from hot water (charcoal) in colourless plates, yield 15 g. It does 
not melt even at 310° and appears to be non-fusible. [Found : N (Kjeldahl), 
472 ; S, 20-88 ; M.W. (by titration), 299. Ci iH 7 0 5 NS 2 requires N, 471 ; 
S, 21*54 per cent. M. W., 297] . It is soluble in aqueous bicarbonate solu¬ 
tion and precipitated by acids. It is insoluble in alcohol, acetic acid and 
other organic solvents. With pyridine it forms a salt, soluble in cold 
water. With ferric chloride, an aqueous solution of the substance gives a 
dark green colouration. 

When the above compound is boiled for a few minutes with concen¬ 
trated hydrobromic acid (d 1*38), it is converted into the corresponding 
hydrobromide (coknlrless rectangular plates, m.p. above 300°). It is 
insoluble in concentrated hydrobromic acid but readily soluble in cold 
water and on neutralisation with just the requisite quantity of sodium 
bicarbonate, the original acid (II) is obtained. Similarly the hydrochloride 
(colourless rectangular plates, m.p. above 300°) was obtained by boiling the 
substance with concentrated hydrochloric acid. With regard to the 
formation of hydrochloride, the compound (II) resembles the cyclo • 
pentane-2'-hydroxyquinoline derivative of Dieckmann ( Annalen , 1901, 

817 , 91). 

Condensation of Ethyl i-N-phenyl‘y.4'dihydroxypyTrolidine-2'.5-di* 
carhoxylate with Aniline. —This pyrrolidine derivative, which is similar in 
constitution to the above thiophen derivative of Hinsberg, was prepared 
according to the method of Johnson and Bengis (J . Amer. Chem. Soc ., 1911, 
33 , 745). Its condensation with aniline was tried according to the method 
followed in the preparation of (I), but no reaction was observed. The 
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great stability of the carbethoxy groups in this pyrrolidine derivative 
towards hydrolysing agents has been observed by Mottilpied (J. Chem- 
Soc., 1905, 87 , 435) and their inertness towards aniline may be likewise 
explained. 

i:4-Dibenziminazolyl diacetyl (III).—Sodium (2*3 g.) was dissolved in 
absolute alcohol (100 c.c.) and to the cold solution 2-methylbenziminazole 
(13*2 g.) was added. To the clear thick solution, ethyl exalate (7*3 g.) was 
then slowly added with stirring, when the reaction began with evolution 
of heat. The reaction mixture was allowed to stand for one day with 
occasional stirring, when the whole solution solidified. The mass was 
then treated with large quantity of cold water and extracted with ether. The 
aqueous solution, on acidification with excess of dilute hydrochloric acid, 
yielded a precipitate which was washed with aqueous sodium bicarbonate 
solution and water. It crystallised from hot water in beautiful colourless 
slender needles, m.p. above 300°, yield 3 g. (Found : N, 17*42. 
Ci 8 Hi40 2 N 4 requires N, 17*61 per cent). The same compound is obtained 
if 2-methyl-benziminazole (1 mol.) is allowed to react with ethyl 
oxalate (1 mol.). It is soluble in cold alkali and precipitated by 
acids. 

The above compound is insoluble in most of the organic solvents except 
pyridine. Its condensation with o-nitrobenzaldehyde was tried in acetic 
anhydride suspension in presence of fused sodium acetate, but without 
success. The condensation was next tried in pyridine solution in presence 
of a few drops of piperidine (c/. Dutt, J. Indian Chem. Soc., 
1924-25, 1, 297) and although the solution was boiled under reflux 
for a considerably long time, the expected condensation could not be 
effected. 

My thanks are due to Professor P. C. Guha for his kind interest in this 
investigation. My thanks are also due to the Lady Tata Memorial Trust 
for the award of a scholarship. 

Department op Organic Chemistry, 

Indian Institute op Science, Received November 26,1937. 

Bangalore. 



PECHMANN’S CONDENSATION OF METHYL /9-RESOR- 
CYLATE AND /9-RESORCYLIC ACID WITH ETHYL 
ACETOACETATE. 


By R. C. Shah, S. M. Sethna, Bhawani Ciiaran Banbrjee and 
Duhkhaitaran Chakravarti. 

Clayton generalised that negative substituents like nitro, carboxyl and 
carbethoxyl inhibit Pechmann's coumarin-condensation. 2-Nitro- and 

4- nitroresorcinols, however, readily condense with ethyl acetoacetate 
(Chakravarti and Ghosh, J. Indian Client. Soc., 1935, 12 , 622; Chakra¬ 
varti and Banerjee, ibid. t 1937,14, 37). 

We find that methyl / 3 -resorcylate and /?-resorcylic acid smoothly con¬ 
dense with ethyl acetoacetate in the presence of sulphuric acid, the former 
giving a mixture of methyl 7-hydroxy-4-methylcoumarin-6-carboxylate and 
the correspooding carboxylic acid and the latter the fiee acid. The consti¬ 
tutions of the acid and the ester follow from the decarboxylation of the acid 
to known 7-hydroxy-4-methylcoumarin. 

The condensation of methyl / 3 -resorcylate was also carried out with 
phosphoryl chloride, phosphoric anhydride and hydrogen chloride as condens¬ 
ing agents, the same coumarin ester being obtained in low yields. It is note¬ 
worthy that the condensation proceeds differently in the presence of 
aluminium chloride the main product being a 5-hydroxy-coumarin, methyl 

5- hydroxy-4-methylcoumarin-6-carboxylate (Sethna, Shah and Shah, Cut rent 
Science, 1937, 6, 94). 

/?-Resorcylic acid also condenses with malic acid in the presence 
of sulphuric acid with the formation of 7-hydroxycoumarin-6-carboxy- 
lic acid (cj. Arima, Bull. Chem. Soc. Japan, 1929, 4 , 113). Methyl 
/3-resorcylate gives the same acid, the ester being completely hydrolysed at 
the temperature required for the condensation. 

E X P R R I M E*N T A h: 

Methyl j-Hydroxy-4-methylcoumarin-6-carboxylate and j-Hydroxy - 
^methylcoumarin-6-carboxylic Acid. 

Concentrated sulphuric acid (80%, 30 c. c.) was added to a mixture of 
methyl j3-resorcylate (5 g.) and ethyl acetoacetate (4*5 g.). The mixture 
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after standing overnight, was added to cold water. The yellowish solid 
(7-8 g.) was collected, washed with water and then treated with excess of 
saturated sodium bicarbonate solution. The insoluble solid consisting of the 
coumarin ester was filtered and the filtrate was acidified when the free 
acid was precipitated as a granular solid. 

The coumarin ester crystallised from alcohol in shining colourless need¬ 
les, m. p. 212-14 0 , yield 3 g. (Found: C, 61 *6 ; H, 4*3. C ia H 10 p s re¬ 
quires C, 61‘5 ; H, 4*3 per cent). The ester is moderately soluble in methyl 
and ethyl alcohols, acetone and chloroform, but very sparingly in benzene 
and water. It gives a violet colouration with alcoholic ferric chloride and 
dissolves in caustic soda with difficulty, the alkaline solution having a strong 
blue fluorescence. 

The acetyl derivative, prepared by refluxing the ester (0*3 g.) with acetic 
anhydride (1 c. c.) and 2-3 drops of pyridine for 2 hours, crystallised from 
rectified spirit in needles, m. p. 171-73 0 , yield 0*15 g. (Found : C, 60*6 ; 
H, 4*4. C 14 H 12 0 6 requires C, 60*9 ; H, 4*3 per cent). 

The benzoyl derivative, prepared by heating with benzoyl chloride for 
1 hour at ioo° in pyridine solution, crystallised from hot xylene in shining 
buttons, m. p. 173-74 0 . (Found : C, 67*3 ; H, 4*2. C 10 H i4 O G requires C, 
67*4 ; H, 4*2 per cent). 

The methyl ether was prepared by refluxing for 20 hours the ester 
(0*5 g.) dissolved in acetone (50 c. c.), fused potassium carbonate (1 g.) and 
methyl iodide (3 c-c.). It was crystallised from rectified spirit as clusters 
of tiny needles, m. p. 186-88 0 , yield 0*4 g. (Found : C, 62*82 ; 
H, 4*95. C 13 H 12 0 6 requires C, 62*9 ; H, 4*83 per cent). It is insoluble 
in alkali and does not give a ferric chloride colouration. 

The coumarin acid crystallised from alcohol in short faintly coloured 
needles, m. p. 284-85°, yield 2 g. (Found : C, 59*8 ; H, 37. C u H 8 0 5 
requires C, 6o*o ; H, 3*6 per cent). It is only sparingly soluble in alcohol 
and tiie alcoholic solution gives a dark violet colouration with ferric 
chloride. It dissolves in alkali to a pale yellow solution with intense 
blue fluorescence. Attempts to prepare acetyl and benzoyl derivatives by 
the usual methods were unsuccessful. 

The same acid was obtained by the hydrolysis of the coumarin ester 
preferably by cold alkali. 0*5 G. of the ester was kept in contact with caustic 
soda solution (20 c. c., 10 %.) for 3 days when the ester went completely into 
solution. Acidification yielded the acid, identical with the acid described 
above. The acid was also obtained by hydrolysis with boiling acetic acid- 
hydrochloric acid or hot acetic acid—sulphuric acid or cold concentrated 
sulphuric acid, 
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Decarboxylation of 7-Hydroxy-4-methylcoumarin-6-carboxylic Acid .— 
The acid (0-4 g.) and water (25 c.c.) were heated together in a sealed tube 
at 180 0 for 7 hours. The decarboxylated product, which had separated 
in thin shining needles with a brownish tinge, was crystallised from dilute 
alcohol in needles, m. p. 185-86°, not depressed by admixture with an 
authentic specimen of 7-hydroxy«4-methylcoumarin, yield quantitative. 
The acid can also be conveniently decarboxylated by gently heating the 
substance in a test tube, until effervescence ceases. 

Condensaiion of fi-Resorcylic Acid with Ethyl Acetoacetate .—Concentra¬ 
ted sulphuric acid (20 c.c.) was added to a mixture of / 3 -resorcylic acid (5 g.) 
and ethyl acetoacetate (5 g.) when heat was evolved and the mixture 
turned brownish. After keeping overnight, the mixture was heated on 
a boiling water-bath for 2 hours, cooled and poured into water. The 
precipitated solid was treated with saturated sodium bicarbonate solution 
when most of it dissolved, leaving a small amount of residue which when 
crystallised from alcohol had m.p. 385-86° and was found to be 7-hydroxy- 
4-methylcoumarin. The sodium bicarbonate extract on acidification 
with concentrated hydrochloric acid, gave a yellowish coloured precipitate, 
which was collected and crystallised from alcohol or glacial acetic acid in 
colourless needles, m.p. 284-85° identical with the acid described above, 
yield 1*5 g. 

Condensation of Methyl ( 3 -Resorcylatc with Ethyl Acetoacetate in 
presence of ( i ) Phosphoryl chloride (ii) Phosphoric anhydride and (iii) 
Hydrogen chloride. 

{i) To a mixture of methyl /?-resorcylate (4g.) and ethyl acetoacetate 
(3*5 g) phosphorus oxychloride (7 g.) was added and the reaction 
mixture heated on a boiling water-bath for 1 hour. Water was added 
to the brown pasty mass. On keeping overnight in a frigidaire dark-brown 
semi-solid mass was obtained. This was dissolved in rectified spirit 
(charcoal). On keeping black tarry mass came down which was rejected. 
The clear solution was then concentrated and kept in a frigidaire when 
faint yellow coloured needles separated, m.p. and mixed m.p. with the 
compound prepared by using sulphuric acid, 212-14°; yield 0 3 g. 

(ii) Methyl / 3 -resorcylate (5 g-) and ethyl acetoacetate (4-5 g.) were 
mixeA together and phosphorus pentoxide (5 g) added. The 
reaction mixture was heated on a boiling water-bath for about 
45 minutes. On cooling water was added and ths semi-solid 
mass obtained crystallised from rectified spirit as needles, m.p. and 

3 
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mixed m.p. with the compoimd prepared by sulphuric acid method, 
212-14 0 , yield about 0*2 g. 

(Hi) Methyl /J-resorcylate (5 g.) aijd ethyl acetoacetate (4*5 g.) were dis¬ 
solved in sufficient cold absolute alcohpi and dry hydrochloric acid gas passed 
through the cooled solution for 2! hours. It was then left overnight 
when white needles separated. Water was added to precipitate the 
product completely which was then crystallised from rectified spirit 
colourless shining needles, m.p. and mixed m. p. with the compound pre¬ 
pared by sulphuric acid method, 212-14 0 , yield 1*3 g. 

j‘Hydroxycoumarin-6-carboxylic A cia .—Concentrated sulphuric acid 
(20 c.c.) was added to a mixture of / 3 -resorcylic acid (5 g.) and malic acid 
(4*5 g.) and the mixture left overnight. After heating at ioo° for 3-4 hours, 
it was poured into water. The pasty mass, which separated, solidified on 
keeping overnight in a frigidaire. It crystallised from alcohol in needles, 
m.p. 268°-69°. Arima (loc. cit.) gives m.p. 244°-26o° according to rate 
of heating. (Found: C, 53 4; H, 3*5. Calc, for C 10 H 6 O ft , H 2 0 : C, 53.6; 
H, 3-4 per cent). 

The acid dissolves in sodium bicarbonate forming a sparingly soluble 
sodium salt which immediately separates. It dissolves in alkali and con¬ 
centrated sulphuric acid with a strong blue fluorescence. 

The acid on decarboxylation by gentle heating gave 7-hydroxy couma* 
rin, identified by direct comparison with an authentic specimen. The same 
acid was obtained by keeping a mixture of methyl / 3 -resorcylate (5 g.), malic 
acid (4*2 g.) and concentrated sulphuric acid (15 c.c.) overnight, and then 
heating at ioo° for 2 hours. 

The analyses recorded are micro-analyses by Dr. Schoeller. 

Further work on the condensation of other phenol-carboxylic acids 
and their esters with / 3 -ketonic esters is being carried out by two of the 
authors (R.C.S. and S.M.S.). 

Ismaii« College, Andheri, Bombay, 

Royal Institute of Science, Bombay A 
University College of Science 
And Technology, Calcutta. 


Received December 1, 1937. 



ASCORBIC ACID OXIDASE FROM THE WHITE 
GOURD (BEN1NCASACR1APRA). 

By Baidyanath Ghosh and B. C. Guha. 

The preparation of an ascorbic acid oxidising enzyme from cabbage 
was described by Szent-Gyorgyi (Science, 1930, 72 ,125; ]• Biol. Chem 1931, 
80,385). Tauber, Kleiner and Mishkind (J. Biol. Chem., 1935, 110 , 211) 
prepared an enzyme from Hubbard squash also capable of oxidising ascorbic 
acid reversibly and studied the properties of their preparation in some detail. 
Srinivasan (Biochem. ]., 1936, 30 , 2077) prepared the same enzyme from 
the Indian drumstick. The distribution of the enzyme in plant and animal 
tissues was investigated by Chakraborty and Guha ( Indian J. Med. Res., 1937, 
24 , 839), who found the animal tissues to be practically devoid of the oxidase 
and observed that the cucumber and the white gourd (Bengali, chalkumro) 
were the richest sources among the plant materials investigated. An en¬ 
zyme preparation from cucumber was obtained by Chakraborty (private 
communication) and has been described by Johnson and Zilva ( Biochem . 
1937, 31 , 438). 

The present work was undertaken in order to obtain an ascorbic acid 
oxidase preparation from the white gourd (Benincasacriapra) and also to 
obtain information about its properties, the conditions of its activity and 
its specificity. 

Fuller information about the properties of the ascorbic acid oxidase 
has become necessary particularly because it has l^een recommended as a 
reagent for the estimation of ascorbic acid (Tauber et al , /. Biol. Chem., 
1935, 110, 559) and its use has also been found to lead to more specific 
results in the estimations carried out in this laboratory which will be 
published later. 


Experimental. 

PrepaTation of the Enzyme. —The method followed was approximately 
that of Tauber (et al loc. cit). White gourd was minced in a hand mincer. 
200 G. of minced plant tissue were shaken for 5 minutes with 600 c.c. of 
30% alcohol and filtered. The pn of the alcoholic filtrate was 5*0. 
To the alcoholic extract an equal volume of acetone was added and the 
precipitate quickly removed. It was dissolved in 80 c. c. of distille 4 
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water and again precipitated with an equal volume of acetone. The 
enzyme was purified by repeating the process two or three times and 
then dried in a vacuum desiccator. It was light grey in colour. 

On repeated purification the enzyme preparation becomes much lighter 
in colour. It appears to be fairly stable if stored in a vacuum desiccator at 
room temperature (26-30°). It takes some time to go into aqueous 
solution and for use the aqueous solution is centrifuged clear from a small 
residue. The aqueous solution lasts about a week if preserved with a 
drop or two of toluene in a stoppered vessel in a refrigerator. For the 
following experiments the solid enzyme preparation obtained from 200 g. 
of white gourd was dissolved in 80 c.c. of water. 


A. Activity of the Enzyme at different f> H . 

The activity of the enzyme was determined by the amount of ascorbic 
acid oxidised by the enzyme solution using 0*5 mg. of ascorbic acid as the 
substrate at 40° for 5 minutes at different p H . After the period of incuba¬ 
tion the enzyme activity was stopped by the addition of 1 c.c. of 2% 
sulphuric acid and titration was carried out with 2:6-dichlorophenol-indo- 
phenol according to the method previously described (Ghosh and Guha, 
/. Indian Chem . Soc. t 1935, 12 , 30). 

Tabuc Ia. 

Citrate phosphate buffer (Mcllvaine). 

The mixture consisted of citrate phosphate buffer (1 c.c.), enzyme 
solution (2 c.c.) and ascorbic acid (1 c.c., 0*5 mg). 


. 

Amount of ascorbic 
acid oxidised. 

Percentage of 
oxidation. 

4*0 

o*o8 mg. 

16% 

4*4 

0*10 

30 

5‘2 

0*20 

4o 

5*4 

0*20 

40 

5 6 

0*22 

44 

6-2 

0*20 

40 

6*8 

0*16 

32 

V 2 

0*10 

30 
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Table Ib. 


M- Acetate buffer . 

The mixture consisted of M- acetate buffer (i c.c.), enzyme solution 
(2 c.c.) and ascorbic acid solution (1 c.c., 0*5 mg.). 


pm . 

Amount of ascorbic 
acid oxidised. 

Percentage of 
oxidation 

4*5 

o-2o mg. 

40% 

5*0 

0-31 

62 

5 ‘ 6 

0^28 

56 

These experiments indicate that in citrate-phosphate buffer the optimum 
p a is 5*6, whereas in M- acetate buffer it is about p n 5 0. 


B. Time of Complete 

Oxidation . 

The mixture consisted of ascorbic acid solution (1 c.c.) containing 
0*5 mg. of ascorbic acid, enzyme solution (2 c.c.) and M. acetate buffer 
(1 c.c.) incubated at 40°. 


Table II. 


Time. 

Amount of ascorbic acid 
remaining unoxidised. 

Percentage of 
oxidation. 

5 mm. 

0-25 mg- . 

50 % 

10 

020 

60 

15 

0-12 

72 

30 

0*00 

IOO 

45 

0*00 

IOO 

60 

0*00 

IOO 

Under these conditions of experiment, therefore, it would seem half an 
hour’s incubation wouid be sufficient for the complete oxidation of 0*5 mg. 


of ascorbic acid. 

C. Keeping the time and enzyme concentration constant, the relation¬ 
ship between the amount of oxidation and the concentration of the substrate 
was sought to be obtained. 

The mixture consisted of M- acetate buffer (1 c. c.), enzyme solution 
(1 c.c.) and ascorbic acid solution of different concentrations. This was 
incubated at 40° for 5 minutes. 
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Table III. 


Amount of ascorbic 
acid added. 

Amount of ascorbic add 
oxidised. 

o ‘5 mg. 

0*20 mg. 

0*25 

0*21 

0*20 

017 

o'i.S 

0*13 

0*10 

0*10 


These results show that in the system, which we are using/ with the 
given amount of enzyme maximum oxidation occurs when o'25 mg. of 
ascorbic acid is present in i c. c. of solution. This information was necessary 
in connection with certain work on the estimation of ascorbic acid which II 
in progress in this laboratory (Sen-Gupta and Guha, /. Indian Chem . Soc., 
1937 . 14 , 95 )- 

D. Specificity .—It was observed that the enzyme preparation was un¬ 

able to oxidise glutathione, cysteine, hydroquinone and sodium thiosulphate. 
It must, therefore, be considered fairly specific. It should, however, be 
stated in this connection that its specificity may not be entirely strict, as 
recent investigations (Zilva, Biochem . 1936, 30 , 1215) indicate that the 

ascorbic acid oxidase preparation from cucumber can also oxidise in varying 
degrees substances structurally closely related to ascorbic acid. 

E. Inhibitors .—Potassium cyanide in concentration of M/1000 com¬ 
pletely inhibits the action of the enzyme in a mixture of the type used in 
sections A and B. Sodium fluoride (M/10) seems to have a very slight 
inhibiting action on the enzyme preparation. 

Summary. 

A preparation of ascorbic acid oxidase has been obtained from the 
white gourd (Benincasacriapra). Its properties, conditions of activity, 
specificity and the effect of certain reagents on its action are described. 

Applied Chemistry Laboratory, 

University College of Science 
and Technology, 

Calcutta Received September 10, 1937. 



SYNTHESIS OF COUMARINS FROM PHENOLS AND 
ACETOACETIC ESTERS. CONSTITUTION OF 
HALOGENATED RESORCINS AND ORCINS. 

By Duhkhaharan Chakravarti and Sailendra Mohon Mukerjee. 

The condensation of halogenated and negatively substituted phenols 
with / 3 -ketonic esters forming substituted coumarins (Chakravarti and 
Ghosh, J. Indian Chern. Soc., 1935, 12 , 623) has furnished a ready means 
for determining the constitution of the substituted phenols. The present 
investigation was undertaken with a view to determine the constitution 
of bromoresorcins and the chloro- and bromo-orcins. 

Two bromoresorcins, evidently 4-bromo- and 2-bromoresorcin, are des¬ 
cribed in literature and they have been prepared in the following way 
{cf. Zehenter, Monatsh., 1887, 8, 293; Hemmelmayer, ibid., 1914, 38, 1) : 



OH 


/"VOaH 

U 0H 


Br 

y\ 

C() 2 H 

heating with 

/\ 




water 



OH 

k/ 

OH 



OH 

\/ 

0 2 N 

/\ 

co 2 h 

OgN 

/\ 

co 2 h 


OH 

u 

OH 

OH 

\/ 

OH 






Br 







co 2 h 

OH 


Br 


/\ 

OHv^yOH 

Br 


On condensation with acetoacetic ester in presence of sulphuric acid 
(Pechmann’s reaction) these bromoresorcins would form either 7-hydroxy-6* 
bromo-4-methylcoumarin (I) or 7-hydroxy-8-bromo-4-methylcoumarin (II). 
These coumarins have, therefore, been synthesised by a method which leaves 
no doubt about their constitution. 8 -Nitro- 7 -hydroxy- 4 -methylcoumarin, 
the nitration product of / 3 -methylumbelliferone (Chakravarti and Ghosh, 
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]. Indian Chem . Soc., 1935, 12 , 791), on reduction with stannous chloride and 
hydrochloric acid gives 8-amino derivative, which forms a stable diazo¬ 
anhydride and the latter on treatment with cuprous bromide in hydrobromic 
acid gives (II). Similarly 6 -nitro-/ 3 -methylumbelliferone-methyl ether, 
obtained by the nitration of the methyl ether of /?-methylumbelliferone 
(cf. Chakravarti and Banerjee, /. Indian Chem. Soc., 1937, II, 37) gives the 
methyl ether of (I). 

The preparation of bromoresorcins, however, has been attended with 
practical difficulties. The bromoresorcin of Zehenter ( loc. cit.) could not 
be obtained by following the experimental conditions recorded by him and 
it has been prepared by a modification of the method (vide experimental). 
It readily undergoes Pechmann's condensation with acetoacetic ester and 
alkyl acetoacetic esters forming coumarins. The coumarin derived from 
this bromoresorin and acetoacetic ester has been found to give a methyl 
ether (m.p. 245 0 ), which is identical with the methyl ether of (I) and is, 
therefore, 6-bromo-7-hydroxy-4-methylcoumarin and the bromoresorcin from 
which it is derived is, therefore, 4-bromoresorcin. Attempts to prepare the 
second bromoresorcin by the method described in literature failed. The 
synthesis of 2-bromoresorcin by other methods was not successful. In 
attempting to synthesise 2-bromoresorcin by brominating the disulphonic 
acid of resorcin and then removing the sulphonic groups by steam 
distillation (cf. preparation of 2-nitroresorcin, Kaufmann and Pay, Ber 
1904, 37 , 716) it has been found that excess of bromine produces tribromo- 
resorcinol (m.p. in°) with the replacement of the sulphonic groups. 
But if one molecule of bromine is used for the bromination of resorcin- 
disulphonic acid, then after passing superheated steam at 180 0 , 4-bromo¬ 
resorcin is obtained instead of 2-bromoresorcin. That the bromoresorcin, 
thus obtained, is 4-bromoresorcin is proved by the condensation with 
acetoacetic ester forming (I), (m.p. 278°) identical with the coumarin obtained 
from bromoresorcin derived from / 3 -resorcylic acid. The troublesome 
method of preparing 4-bromoresorcin from resorcylic acid may be con¬ 
veniently replaced by this less cumbrous method and the yield is also satis¬ 
factory in this case. 
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Tl\e 4 halogenated orcins, e.g. monochloro-orcin and monobromo-orcin 
have also been prepared and their constitution determined by the formation 
of substituted coumarins from them. 

(a) Monochloro-orcin has been prepared by the action of the 
calculated quantity of sulphuryl chloride on a dry ethereal solution of 
orcin. Excess of sulphuryl chloride leads to the formation of poly¬ 
chlorinated derivatives. 

( b ) Monobromo-orcin was prepared by Eamparter ( Annalen , 1865, 134 , 
258) by the action of bromine water 011 orcin but it has now been very 
conveniently prepared by passing a slow stream of carbon dioxide containing 
bromine vapour through an aqueous solution of orcin. 

These two halogenated orcins readily undergo Pechmann’s condensa¬ 
tion forming substituted coumarins with acetoacetic ester or its alkyl 
derivatives. These substituted coumarins may be 5-hydroxy- or 7-hydroxy- 
coumarins according as the chloro-orcin and bromo-orcin have the alternative 
structures (III) or (IV). 


Me Me 



(X = C 1 or Br) 

The 7-hydroxycoumarins can be easily distinguished from 5-hydroxy- 
coumarins by their fluorescence in alkaline solution. 7-Hydroxycoumarins 
(umbelliferones) are always fluorescent in alkaline solution and this property 
is entirely absent in the case of the 5-hydroxy-coumarins. (cf. Collie and 
Chrystall, J. Chem. Soc., 1907. 1804 ; Dey, ibid., 1915, 107 , 1614, 1621 ; 
Chakravarti, /. Indian Chem. Soc., 1931, 8, 4 °7 ; Shah and Mehta, ibid., 
1936, 13 , 359). The products obtained by condensing chloro- and bromo- 
orcin with acetoacetic ester and its alkyl derivatives have been found to 
give only an intense yellow solution in alkali without any flourescence and 
they are, therefore, 5-hydroxycoumarins.* Chloro-orcin is, therefore,. 4- 
chloro-orcin and bromo-orcin is 4-bromo-orcin. If * they were 2-chloro-or 
2-bromo-derivatives of orcin (IV) the coumarins derived from them would be 
7-hydroxycoumarins exhibiting the characteristic blue fluorescence in 
alkaline solution. 

* The conmarins derived from the halogenated orcins may be 6- or 8-halogenated 
derivatives and they are described in this paper as 6-halogenated cpnnuirin*. 

4 . 
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The above conclusion has been further confirmed by condensing chloro- 
orcin with acetone dicarboxylic add giving rise to a coumarm acetic acid 
(V), which when heated at 150-60° for several hours yielded a lactone (VI) 
with the elimination of a molecule of water. 


O 



OH C 


I 

CH* 


CO*H 

(V) 



The bromoresorcin and the halogenated orcins have been submitted 
to Simonis’ reaction and as expected since they form coumarins 
with good yields in the presence of sulphuric acid they also form 
coumarins and not chromones by changing the condensing agent for 
phosphorus pentoxide according to Siinonis. Thus the generalisation 
made by Chakravarti (/. Indian Chem. Soc . 9 1932, 9 , 31) holds true in this 
case also. In order to study the effects of substituents in the acetoacetic 
ester molecule on the t course of the reaction, bromoresorcin and the 
halogenated orcins have been condensed with methyl and ethyl acetoacetic 
esters. These condense most readily with good yields forming cou^iarins 
either in the presence of sulphuric acid (Pechmann’s reaction) or phosphorus 
pentoxide (Simonis* reaction). 


Experimental. 

4 ‘Bromoresorcin ( cf . Zehenter, loc. cit.). —It was obtained by boiling 
monobromoresorcylic acid (1 part) with water (10 parts) acidified with a few 
drops of dilute sulphuric acid for 16 hours. The solution was then 
extracted with ether, the ethereal extract washed with dilute ammonium 
carbonate solution, dried over calcium chloride, the ether removed, when 
monobromoresorcin was obtained as a solid crystalline mass, m.p. 99*5°* 
6 -BromO‘ 7 -hydroxy- 4 -inethylcoumaTin. —To a mixture of bromoresor¬ 
cin (4 g.) and acetoacetic ester (3 g.), cooled in ice, concentrated sulphuric 
acid (d 1-84, 10 c.c.) was slowly added with continuous shaking. The 
solution was kept overnight and poured into ice when a greyish solid 
separated* It was collected and crystallised from glacial acetic a<?id 
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(charcoal) as colourless prisms, m.p. 278°. (Found : Br, 31*15. CjqH^OjB 
requires Br, 31*36 per cent). 

The acetyl derivative, prepared as usual by heating with acetic 
anhydride and sodium acetate, crystallised from dilute alcohol as colourless 
needles, m.p. 170°. (Found : Br, 26*82. Ci$H 9 0 4 Br requires Br, 26*93 
per cent). » 

The identical compound was prepared using phosphorus pentoxide asf 
the condensing agent (m.p. and mixed m.p. 278°; the acetyl derivative,’ 
m.p. 170°). 

6-Bromo-7-hydroxy-y.4-dimethylcoumarin was obtained from bromo- 
resorcin and methyl acetoacetic ester either in the presence of sulphuric acid 
or phosphorus pentoxide. It crystallised from glacial acetic acid as colourless 
silky needles, m.p. 275°. (Found: Br, 29*06- CnH 9 0 3 Br requires Br, 
29*74 per cent). 

The acetyl derivative crystallised from dilute alcohol in silky needles, 
m.p. 162°. (Found: Br, 25*53. Ci 3 H n 0 4 Br requires Br, 25*72 per 
cent). 

b-Bromo-y-hydroxy-^-methyi-yethylcoumarin from bromoresarcin and 
ethyl acetoacetic ester (with sulphuric acid or phosphorus pentoxide) 
crystallised from glacial acetic acid as colourless silky needles, m*p. 240°. 
(Found : Br, 27*96. C l2 Hn0 3 Br requires Br, 28*26 per cent). 

The acetyl derivative crystallised from dilute alcohol in colourless 
needles, m.p. 152 0 . (Found : Br, 24*28. Ci 4 Hi 3 0 4 Br requires Br, 24*62 
per cent). 

8-Brow0-4- methylumbellif cione .— 8-Diazoan hydride- 4- methylumbelli- 
ferone (7 g., Pechmann and Obermiller, Bet ., 1901, 34 , 666) was dissolved in 
the least quantity of concentrated hydrobromic acid and the solution added 
to cuprous bromide solution (prepared by adding 150 c.c. of concentrated 
hydrobromic acid to 15 g. of copper carbonate and heating with copper 
turnings till colourless) in the cold. The reddish-brown precipitate was 
washed with concentrated hydrobromic acid and then with water. It 
was crystallised as light brown prisms from glacial acetic acid, m.p. 251-52°. 
(Found : Br, 31*2. C| 0 H 7 O 3 Br requires Br, 31*37 per cent). 

G-Bromo-P-methylumbellifeione Methyl Ether .—The solution of 
/J-methylumbelliferone methyl ether-6-diazobromide, 'obtained from 6«.amino- 
jS-methylumbelliferone methyl ether, was added to cuprous bromide 
solution in the cold. The brown precipitate obtained was washed with 
hydrobromic acid and water and crystallised from glacial acetic add as 
odourless prisms, m.p* 245°. 
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The identical compound was obtained by methylating the coumarin 
obtained by the condensation of bromoresorcin with acetoacetic ester with 
dimethylsulphate and alkali (m.p. and mixed m.p. 245 0 ). (Found: Br, 
29*49* Ci iHnOa Br requires Br, 2974 per cent). 

Preparation of ^-Bromoresorcin from Rcsorcin-disulphonic Acid .— 
Resorcin (44 g.) was heated on the water-bath with fuming sulphuric acid 
(15%, 85 c.c.) and concentrated sulphuric acid (d 1*84, 85 c.c.) and the 
precipitated disulphonic acid was collected and washed with glacial acetic 
acid. It was washed with benzene and the dried substance dissolved in 
300 c.c. of glacial acetic acid and bromine (34 g.) added drop by drop. 
The solution was then diluted with water and distilled with superheated 
steam at 180° and the residual solution on cooling was filtered and the 
filtrate extracted with ether The ethereal extract was washed with a 
dilute solution of ammonium carbonate and water, the ether removed and 
the oil was left in the desiccator when it solidified. It was crystallised from 
water, m.p. 99 0 , yield 15 g. (mixed in.p. with bromoresorcin from resorcylic 
acid, 99 0 ). 

The compound, thus obtained, was proved to be 4-bromoresorcin by 
its condensation with acetoacetic ester in the presence of sulphuric acid, m.p. 
278° and the acetyl derivative melted at 170°. 

It has been observed incidentally that if the disulphonic acid of resorcin 
is brominated with excess of bromine, a voluminous crystalline precipitate 
immediately separated which crystallised from glacial acetic acid as colour¬ 
less needles, m.p. m°. It has been identified to be tribromoresorcin. 

Preparation of 4-Chloro-orcin .—Sulphuryl chloride (17 g.) was added 
drop by drop to a cooled solution of orcin (28 g.) in dry ether. At first 
there was little evolution of sulphur dioxide and hydrogen chloride but 
after some time the reaction was vigorous. The ethereal solution was 
washed at first with dilute sodium carbonate solution and then with water. 
The ether was removed and the product distilled at 138-39°/4 mm., m.p. 
104°, yield 9 g. (Found : Cl, 22*68. C 7 H 7 0 2 C 1 requires Cl, 22 39 

per cent.). 

When anhydrous orcin (25 g.) was chlorinated with sulphuryl chloride 
(20 g.) in dry ether as above the product distilled at 140-5075 mm. It 
was redistilled at i42°/s mm., m.p. 135°, yield 12*5 g. It is probably a 
polychlorinated orcin. 

6-Chloros-hydroxy-w-dimethylcoumarin .—It was prepared from 
chloroorcin and acetoacetic ester either in the presence of sulphuric add or 
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phosphorus pentoxide in the usual manner. It crystallised from glacial 
acetic acid in colourless prisms, m.p. 264°, yield 4*5 g. (Found : Cl, 15*36. 
C) 1H9O3CI requires Cl, 15*81 percent). 

The acetyl derivative crystallised from alcohol in needles, m.p. 167°. 
(Found : Cl, 12*82. C13H1 t 0 4 C 1 requires Cl, 13*32 per cent). 

6-Chloro-5-hydroxy-y.4:7-trimethylcoumarin from chloro-orcin and 
methyl acetoacetic ester (in the presence of sulphuric acid or phosphorus 
pentoxide) crystallised from glacial acetic acid, m.p. 276°. (Found: 
Cl, 14*46. Ci2Hu0 3 Cl requires Cl, 14*88 per cent). 

The acetyl derivative crystallised from alcohol in colourless needles, 
m.p. 182°. (Found: Cl, 12*72. C14H13O4CI requires Cl. 12*65 per 
cent). 

d-Chloro-yhydroxy-^'j-dimethyl-yethylcoumarin was obtained by 
condensing chloro-orcin with ethyl-acetoacetic ester in the presence of 
sulphuric acid or phosphorus pentoxide. It crystallised from glacial acetic 
acid, m.p. 210 0 . (Found : Cl, 14*28. C13H1 3 U 3 C 1 requires Cl, 14*06 per 

cent). 

The acetyl derivative crystallised from dilute alcohol in needles, m.p. 
173 0 . (Found : Cl, 11*68. C15H15O4CI requires Cl, 12*05 per cent). 

6-ChIoro-5-hydroxy-7“methyi-4-acettc Acid .—This was prepared from 
chloroorcin, citric acid and sulphuric acid by the method of Dey and 
Row (/. Indian Chem. Soc., 1924, 1 , 112). It crystallised from dilute 
alcohol as needles, m.p. 275°-8o°. (Found : Cl, 13*04. Ci 2 H 9 O r .Cl requires 
Cl, 13*22 per cent). 

The lactone of this acid was obtained by heating the acid at i$o 0 -6o 6 
for several hours. It crystallises from dilute alcohol and is insoluble in 
dilute sodium carbonate solution. (Found : Cl, 14*42. C12H7O4CI 
requires Cl, 14*17 per cent). 

Preparation of Monobromoorcin .—A slow stream of carbon dioxide 
was passed through bromine (9 g.) and the carbon dioxide carrying the 
bromine vapour was passed into an aqueous solutipn of orcin (20 g. in 
400 c.c. of water). The solution was filtered and on concentrating the 
filtrate dark brown crystals separated. It was recrystallised from water, 
m. p. 142 0 . (Found : Br, 39*48. Calc, for C 7 H 7 0 aBr: Br, 39*41 
per cent). 

6‘Bromo’S m hydroxy-4:y-dimethylcoumarin t prepared from bromo-orcin 
and acetoacetic ester as usual either in the presence of sulphuric acid or 
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phosphorus pentoxide, crystallised from glacial acetic add as prisms, tn-p. 
217°. (Found : Br, 30*04. Cj iH 0 O s Br requires Br, 29*74 per cent). 

The acetyl derivative crystallised from dilute alcohol as needles, m.p. 
197 0 . (Found : Br, 25*13. C13H11O4 Br requires Br, 25*72 per cent). 

6-Bromo-5-hydroxy-y.4:7-trimethylcoumarin, from bromo-orcin and 
methyl acetoacetic ester, crystallised from glacial acetic add, m.p. 
195(Found : Br, 27*63. C| 4 Hu 0 8 Br requires Br, 28*26 per cent). 

The acetyl derivative crystallised from dilute alcohol as needles,' m.p. 
158-59°. (Found : Br, 24*96. CuHisC^Br requires Br, 24*62 per cent). 

CnSMlCAI. I/AaOEATORY, 
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STUDIES ON SULPHONAMIDES. 

Bv A. K. Chouphury, P. Das-Gupta anp U. Basu. 

Recently it has been found that 4-aminobenzenesulphonamide possesses 
a bacteriostatic and bactericidal action against haemolytic streptococci but in 
clinical application it is necessary to give large doses of the drug by mouth 
which is sometimes inconvenient and often may give rise to certain toxic 
symptoms {cf- Colebrook and Kenny, Lancet , 1936,1, 1273; Discombe, ibid-, 
1 , 626; Goodman and Levy, /. Amer. Med. Assoc- , 1937, 109 , 1005; Bucy, 
ibid., p. 1007). Another drawback is that for its lower solubility in water 
(2% at the body temperature) it is difficult to administer it in proper 
doses by injection. It would now be natural to synthesise other com¬ 
pounds more or less chemically related to it and then to study their chemo¬ 
therapeutic properties. 

As the bactericidal property (cf. Buttle and co-workers. Lancet, 1936, 
1, 1286; 1937,1, 1331) is not exclusively due to the presence of the sulphon- 
atnide grouping, -SOjNH», it was considered to be of interest to replace the 
amido part by some other group or chain which is known to promote the 
therapeutic activity in certain other well known drugs. Such groupings 
were found in 8-aminoqumoline, 6-methoxy-8-aminoquinoline, j>-anisidine, 
ethyl £-aminobenzoate and 8 diethylaminobutylamine, and accordingly, 
p-acetylaminobenzene-sulphouyl chloride prepared according to the method 
of Schroeter (Ber., 1906, 89 , 1563), was condensed with the above amino 
compounds in the way described in the experimental part of the paper. *The 
resulting compounds were hydrolysed by dilute hydrochloric acid to afford 
the different amides of 4-aminobenzene-sulphonic acid. 

The examinations of the bacteriostatic activity of 4-aminobenzene- 
sulphon-8'-quinolylamide and 4-aminobenzenesulphon-S-diethylaminobutyl 
amide point to the fact that the replacement of the amido hydrgen of 
^-aminobenzenesulphonamide by other chain or group lowers the activity 
and increases the toxicity of the compound. 

Experimental. 

^•Aminobemenesulphon^S^quinolylamide- mmm 'Freshly distilled 8-amino- 
quinoline (5 g.) was dissolved in dry benzene (25 c*c.) and was slowly treated 
' \vith ^-aCetylaminobenzene-sulphonyl chloride (8g.) without allowing th$ 
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temperature to rise. On stirring the colour of the mixture gradually 
changed from yellow to orange when it was left overnight. Next day the 
solid was collected, washed first with benzene and next with ether. This 
was then triturated with ammonia, filtered and crystallised from alcohol in 
slender needles, m.p. 192(Found : N, 12-45. C17H15O3N3S requires 
N, 12*31 per cent). The above acetyl derivative (4 g.) was heated under 
reflux for about i£ hours with 20 c.c. of hydrochloric acid (12%). 
The solution was cooled in ice and slowly treated with ammonia to 
make it just alkaline ; the quinolyl amide, which separated out, was filtered 
and crystallised from alcohol in clusters of needles, m.p., 193°. (Found : 
N, 14-51. C! fl H 13O2N3S requires N, 14-05 per cent). 

The substance is almost insoluble in water, but in presence of 2 mols. 
of hydrogen chloride it forms almost a colourless solution which can be 
easily sterilised by heating on the water-bath for 1 hour. 

4-Aminobenzcncsuiphon-6 f -methoxy-8'-quinolylamide. —4-Acetylatnino- 
benzene-sulphonyl chloride (4*8 g.) in a suspension of benzene was mixed 
with a solution of 6-methoxy-8-aminoquinoline (3*5 g.) in benzene and the 
resulting mixture was warmed to about 40° on a water-bath for about £ hour 
and after 12 hours the solid was collected, dissolved in dilute hydrochloric 
acid and filtered. The filtrate on neutralisation with ammonia afforded 
the acetyl derivative of the amide. It separated from alcohol as buff- 
coloured fine crystals, m.p. 222 0 . (Found : N, 11*50. C18H17O4N3S re¬ 
quires N, n’32 percent). The acetyl derivative (3*5 g.) was heated with 
hydrochloric acid (15 c.c., 6%) for 1 hour under reflux, the solution was 
filtered hot and the filtrate was carefully neutralised with ammonia when the 
amide separated out. This was crystallised from rectified spirit in micro¬ 
scopic needles, m. p. 189°. (Found : N, 12*90. C^H^OsNsS requires 
N, 12*76 per cent). 

4-AminobenzcnesuIphon- 4- mcihoxyphcnylamide .—A mixture con- 
tainiftg £-anisidine (2*6 g.) dissolved in benzene and £-acetylaminosulphonyl 
chloride '5 g.) was left overnight. Next day the solid separating was 
collected and crystallised from rectified spirit in small prismatic needles, 
m.p. 197 0 . (Found : N, 8 93. C\ 5 H] 0 O 4 N 2 S requires N, 8*75 per cent). 

On hydrolysing the product with hydrochloric acid and neutralising 
the resulting solution with ammonia, aminobenzenesulphonanisidide was 
easily obtained and crystallised from dilute alcohol (4 : 1) in long prismatic 
needles, m.p. 195 0 . (Found: N, 10*28. Ci 3 H 14 0 3 N 2 S requires N, 10*07 

per cent). 

4-Aminobczettcsulphon -8- diethylaminobutylamide .—A solution of 8-di- 
ethylaminobutylamine (4 g.) in benzene was treated with the acetylsulphonyl 
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chloride (6*4 g.) as usual. After 24 hours the benzene from the reaction 
mixture was evaporated off and the residual gummy mass was dissolved in 
minimum quantity of dilute hydrochloric acid, filtered and the filtrate was 
kept in vacuo over sulphuric acid ; crystals gradually separated out and 
were collected after a fortnight. These were recrystallised from boiling 
alcohol in clusters of needles, m.p. 172 0 , and were found to be the hydro¬ 
chloride of 4-aminobenzenesulphon-$-diethylaminobutylamide. (Found : N, 
12*84 ; Cl, 10*05. C14H25O2N3S, HC 1 requires N, 12*52 ; Cl, 10*58 per 
cent). 

4 -A cetylaminobenzenesulphon-^-carbetkoxyphenylamidc. — Molecular 
proportions of 4-acetylaminobenzene-sulphonyl chloride and ethyl p- amino- 
benzoate were mixed together in presence of benzene and left overnight. 
The benzene was evaporated off and the solid was crystallised from alcohol in 
clusters of microscopic needles, m.p. 220°. (Found : N, 7*72. C^H^s^aNaS 
requires N, 7*74 per cent). 

In an attempt to condense 2-chloro-5-amino-7-methoxyacridine with 
4-acetylaminobenzene-sulphonyl chloride in the customary way, the initial 
condensation product, the acetyl sulphonamide melting at 317 0 , was 
isolated, but during its crystallisation from alcohol it decomposed to 
2-chloro-7-methoxyacridone. Work is still in progress in this direction. 
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INFLUENCE OF a-PHENYL GROUP IN THREE CARBON 
TAUTOMERISM. PART I. TAUTOMERISM OF 
<x-PHENYL-«/S-, /Sy-UNSATURATED 
ACIDS AND ESTERS. 

By N. L. Phalnikar and K. S. Nabgond. 


The tautomerism of substances of the general structure 



R 


l 


H—C—C-C—X 

I I I 

R 9 R| R4 


C= C—CH—X 

I I I 

Ra R3 R4 


where Ri, R9, R 3 and R 4 are alkyl groups or portions of an alicyclic ring 
and X is a negative activating group* like COOH, C 0 2 Et, L'OMe and 
CN has been extensively studied by Kon, Linstead and their collaborators. 
The influence of methyl and ethyl groups in different positions with respect 
to the activating groups on mobility and equilibrium of such systems has 
been investigated (Goldberg and Linstead, J. Chem. Soc., 1928, 2843; Kon 
and Linstead, ibid., 1929, 1269 ; Kon and Thakur, ibid., 1930, 2217 ; Kon, 
Linstead and Maclenan, ibid., 1932, 2454 etc.) and shown to be in accordance 
with what yvas to be expected theoretically from the ionic mechanism first 
suggested for tautomeric systems by Ingold, Shoppee and Thorpe (J. Chem, 
Soc. t 1926, 1477) and later applied to three carbon systems of the above type 
in particular by Linstead (/. Chem. Soc., 1929, 2498). Linstead and Williams 
(/. Chem. Soc., 1926, 2565) studied y-phenylbutenoic acids and styryl ketones 
anrf showed that y-phenyl group stabilised /fy-phase exclusively which they 
attributed to the conjugative effect of the phenyl group. In 0 -phenyl- 
hexenoic acids Kon, Linstead and Wright (J. Chem. Soc., 1934, 640) found 
that the j 9 -phen>l group behaved like a / 3 -methyl group. This was in 
agreement with the suggestion of Linstead ( loc . cit.) that the phenyl group in 
three carbon system behaves as a non-polar group, influencing the mobility 
and equilibrium of the system by its steric and conjugative effects. 

The object of the present work was to study the effect of a-phenyl 
group in three carbon system tenninated by an activating group like 
COOH and CO*Et and to compare it with that of a-methyl group 
already studied by Kon and Thakur (loc. cit.) and Kon, Linstead and Mac¬ 
lenan (loc* cit.). The methyl group as shown by the above workers 
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depressed the mobility of the the system and shifted the equilibrium to a/? side 
except in the case of ketones and ethyl cx-methylcyc/ohexenyl acetate where 
the /?y-form was favoured. It was, therefore, interesting to see whether this 
irregular behaviour of the a-methyl group is also shown by the a-phenyl 
group. In the present work the tautomerism of the following compounds 
has been studied : 

1. a-Phenylryc/ohexylidene acetic acidv==^a-Phenylc3'dohexenyl- 

acetic acid. 

2. a-Phenyl-A a -liexenoic acid^====^a-Phenyl-A 6 -hexenoic acid. 

3. Ethyl a-phenylrydohexylidene acetatCv=s^Ethyl a-phenyl- 

cy c l ohexeny lacetate. 

4. Ethyl a-phenyl-A a -hexenoate^==^Ethyl a-phenyl-A 6 -hexenoate. 

The mobilities and the positions of equilibrium in case of acids were 
determined under the standard conditions of Linstead (/. Chem. Soc., 1927, 
2579). In case of esters the standard conditions of Kon and Linstead 
{loc. cit.) were followed. The iodometric methods of Linstead and May 
{loc. cit.) for the estimation of a/ 3 - and Py- unsaturated acids and esters in 
their mixtures were applicable in the present case. 

The results are summarised in the following table, the parent acids and 
esters and the corresponding a-methyl acids and esters being included for 
comparison. 


Table I. 


Compounds. 

(only £7- form shown). 

Authors. 

ojS-Isomeride 
at equilibrium. 

Mobility 
iofKi + K*). 

cycloHexenylacetic acid 

Linstead (/. Chem. S 0 C. t 
19*7, 355) 

12% 

X 

a-Methylcvdohexenylacetic acid 

Kon and Thakur (loc. 
dt.) 

32 

0*0075 

a-Phenylcyctohexenylacetic add 

Present authors 

42 

0*00954 

Hexenoic acid 

Linstead (/. Chem . Soc. t 
19*8, *343) 

77 

7 (?) 


o-Mcthy 1*A fc -hexenoic acid 


Linstead (/. Chem. Soc. t 
1932, 2454)* Kon and 

Maclcnan 


88 


4*82* 
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Table I (contd.). 



Compounds. 

Authors. ojS-Isomeride 

at equilibrium. 

Mobility. 

a-Phenyl-A‘-hexenoic acid 

Present authors 

87 

0-4874 


Esters. 

Mobility 
(Ki + Kj) * io 4 - 

Ethyl cyc/ohexenvl acetate 

Kon, I /instead and Mac- 
lenan (loc. cit.) 

38 

8*i 

Ethyl a-methylcycJohexenyl 
acetate 

» »> 

5 

0*15 

Ethyl a-phenylcyctohexeuyl 
acetate 


72 

0996 

Ethyl hexenoate 

Kon, I/instead and Mac- 
lenan (loc. cit.) 

92 

153 

Ethyl o-methyl-A‘-hexenoate 

» »» 

95 

151 

Ethyl a-phenyl-A ‘-hexenoate 


94*5 

35^3 

* The mobility of o-methylhexenoic acids as given by 

^instead and Maclenan 

(/. Chem. Soc. t 1932, 2454) is 18-8. 

This seems to be in error. 

The value 

for mobility 


calculated from their experimental results given on page 2455 comes out to be 4*882. 

It will be observed that the effect ol cx-phenyl group is to depress the 
mobility in all cases. When compared with the cx-methyl group it will be 
seen that the depression by the cx-phenyl group is more than that produced 
by the cx-methyl group in the A fl -and A*-hexenoic acids. In the cyclo¬ 
hexane series (acids and esters) the mobility is slightly greater in cx-phenyl 
compounds than in cx-methyl compounds. 

It will be observed from the above table that the cx-phenyl group shifts 
the equilibrium to the cxjS-side in the case of cycichexene compounds and 
also is hexenoic acids, but in hexenoic esters there is no such marked 
effect. When compared with cx-methyl compounds it will be seen that the 
extent of the shift of equilibrium to the cx/ 3 -side is much greater in the case 
of cx-phenyl compounds in cyclohexene series. It will be thus seen that 
the anamoly observed in the case of ethyl cx-methylcyclohexenylacetate 
in shifting the equilibrium to the /fy-side is non-existent with the cx-phenyl 
group. In the case of hexenoic esters the effect of cx-phenyl group and of 
cx-methyl group on equilibrium is of the same order. 

The polar effect of the phenyl group is supposed to be of the type + 
or — T, that is, it is able to furnish either electron accession to or recession 
from an adjacent carbon atom, according to the sign of the field required 
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at the seat of reaction. + T effect of a phenyl group may be considered 
negligible in this case since the electronic displacements are opposed to the 
charge distributing process, and therefore will not be called into play. 
—T effect of the phenyl group by tending to absorb the charge on the 
<x-carbon atom should increase the mobility and should shift the equilibrium 
to the cx/ 3 -side. The shift of the equilibrium to the a/?-side observed during 
the course of the present investigation is, therefore, accounted for by —T 
effect. This views however, is not in harmony wfibh the depression of mobility. 

It seems, therefore, better to regard the effect of a-phenyl group as a 
nonpolar group as Linstead has suggested ( J . Client. Soc. } 1929, 2498). 
Then the depression of mobility and the shift of equilibrium to the a/ 3 -side 
will be accounted for by the steric and conjugative effects of the phenyl 
group. 


Experimental. 

c x-Phcnylcyclohexylidencacctic Acid. —a-Phenylcyc/ohexenol acetic acid 
was prepared by a modification of the method of Ivanoff and Spasoff {Bull. 
Soc. chim 1932, 49, 377). The modifications introduced were (i) the prepara¬ 
tion of sodium salt of pbenylacetic acid in aqueous solution instead of in 
alocholic solution; (it) the use of isopropyl bromide in place of, isopropyl 
chloride, (iii) the use of a mixture of cthei and benzene in place of ether; 
the last two modifications being necessary due to the high temperature of the 
laboratory. The yields were the same as those of Ivanoff and Spasoff. 

cx-Phenylcyc/ohexenolacetic acid (10 g.) w'as gently refluxed on a sand- 
bath for 3 hours with freshly distilled acetic anhydride (15 c.c ). Water 
was then added and acetic acid removed under reduced pressure. The 
residue was treated with a solution of sodium bicarbonate and extracted 
with ether to remove the neutral impurities The sodiim bicarbonate extract 
was acidified and the precipitated acid was filtered and washed. a-Phenyl* 
cyc/ohexylideneacetic acid (yield 50%), m.p. 134°* was soluble in benzene, 
petrol, ether, chloroform and alcohol and best crystallised from dilute alco¬ 
hol in fine long needles. Its constitution was proved by oxidation to 
cyclohexanone and benzoic acid. The presence of benzoic acid in the 
oxidation product is no doubt due to the further oxidation of benzoyl- 
formic acid which must have been formed as the first oxidation product. 
The percentage of iodine absorbed by it under the standard conditions 
of Linstead and May (J. Chem . Soc., 1927, 2565) is 2*4. The silver and 
lead salts are insoluble and the barium and calcium salts are somewhat 
soluble in water. (Found : C, 77*50 ; ; H, 7*51; Equiv., 216. Ag in 
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the silver salt, 32 57. C 14 H l6 0 3 requires C, 77-7! H, 7-46; Eqtliv., 216. 
CuH l5 0 3 Ag requires Ag, 33 43 per cent). The anilide was prepared either 
(*) by the action of aniline on the crude acid chloride and worked up in the 
usual manner or (it) by heating the acid with aniline for 2 hours at 180 0 . 
It crystallised from dilute alcohol, m. p. 146°. (Found : N. 4-9. C» 0 H ai ON 
requires N, 4-81 per cent). 

The v-toluidide similarly prepared melted at 115°. (Found: N, 4-65. 
CjiHj, ON requires N, 4'59 per cent). 

Oxidation of a-Phenylcyclohcxylideneacelic Acid— To a solution of the 
acid (2 g.) in a small quantity of sodium carbonate solution was ad de d 
potassium permanganate (3-2 g.) dissolved in water (150 c.c.). After the 
oxidation was complete it was distilled in steam. The presence of cyclo¬ 
hexanone in the distillate was confirmed by the preparation of the semi- 
carbazone, m.p. 168 0 . The contents of the flask after the steam distillation 
were filtered and the filtrate concentrated and acidified. The acid thus ob¬ 
tained had m.p. 120° and was identified as benzoic acid by mixed m.p. 

Preparation of <*-Phenylcyclohexenylacetic Acid. —Ethyl a-phenyl 
cyclohexenolacetate was prepared by esterifying a-phenylcydohexenol- 
acetic acid by Fischer-Speier’s method and was crystallised from petroleum 
ether or dilute methyl alcohol in fine long needles, m.p. 71 0 . (Found : C, 
73-20; H, 8-42. C16H22O3 requires C, 73-29; H, 8 39 per cent). 

The results of dehydration of ethyl a-pbenylrydohexenolacetate by 
various dehydrating agents are given in the following table, the methods of 
procedure and working up being exactly the same as described by Kon and 


Nargund (loc. cit.). 

Tabi.k II. 



Reagent. 

Yield of the 
unsaturated ester. 

j. 

/h-. 

PA 

70 % 

34-6 

95 <>% 

SOC1, 

65 

3S‘o 

8o*o 

POClj 

65 

25-0 

56*0 

KHS04 

55 

21*2 

42*0 


The column J in the above table idicates the % of iodine absorbed by the imsattirated 
ester fraction under the standard conditions of Linstead and May (loc. cit.). The last 
column shows the percentage of fiy- isomeride in the unsaturated ester fraction as found 


with the help of the reference curve given on p. 744. 

The results show that the maximum amount of /8y- unsaturated ester is 
obtained by the use of phosphorus pentoxide. The unsaturated ester fraction 
obtained by dehydrating ethyl w-phenylcyc/ohexenol acetate by phosphorus 
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pentoxide was hydrolysed in cold and the resulting acid purified by treat¬ 
ment with sodium bicarbonate solution. a-Phenylryclohexenylacetic acid 
is soluble in ether, benzene and alcohol. It Is best crystallised from petrol 
in long colourless needles, m.p. io7°-8°. (Found: C, 76-90; H, 7-2*; 
Equiv., 216 8; Ag in the silver salt, 34 05. C J4 H le O s requires C, 77 7; 
H, 7-46 per cent; Equiv., 216-0. C1 4 H1 s 0 2 Ag requires Ag, 33-46 per cent). 

The anilide was soluble in alcohol, ether, chloroform and benzene and 
was crystallised from dilute alcohol, m.p. x68°. (Found : N, 4-78. 
CsoHjjON requires N, 4'8 i per cent). 

The p-toluidide melted at 174 0 . (Found: N, 4-45. CjiHgsON 
requires N, 4'69 per cent). 

Oxidation of <x.-Phenylcyc\ohexenylacetic Acid. —To a solution of the 
acid (6 g.) in a small quantity of caustic potash solution was added a solution 
of potassium permanganate (9*48 g.) in water (300 c.c.). After the oxidation 
was complete the precipitated manganese dioxide was filtered and the filtrate 
concentrated and acidified. The product thus obtained after recrystallisation 
from benzene melted at 98° and was identified as glutaric acid. The filtrate 
was extracted with ether and the recovered product had m.p. 152 0 and was 
identical with phenylmalonic acid. 

a-Phetiyl-A a -hexenoic Acid. —a-Phenyl- 0 -hydroxyhexoic acid (10 g.) of 
IvanofI and Nicoloff {Bull. Soc. chim., 1932,81, 1325) was refluxed with 
acetic anhydride (15 c.c.) for 3 hours on a sand-bath and worked up in the 
usual way. a-Phenyl-A B -hexenoic acid (yield 50 %) is soluble in ether, 
benzene, chloroform, ethyl acetate, alcohol and petrol. It crystallises in 
long needles when its solution in petrol is cooled in ice, m.p. 70-71 °. 
Silver, calcium, barium and copper salts are insoluble in water. (Found : 
C, 75'60 ; H, 740 ; Equiv., igo'3 ; Ag in silver salt, 36. C, a H u O, 
requires C, 75'7S ; H, 7 '37 per cent ; Equiv., igo'o. C n H l3 0 2 Ag requires 
Ag, 36'36 per cent). 

The anilide crystallised from chloroform and petrol, m.p. 130*. 
(Found . N, 52. C,sH,0ON requires N, 5'28 per cent). 

The p-toluidide crystallised from a mixture of chloroform and petrol, 
m.p. 210 0 . (Found : N, 502. Ci 8 H 9 oON requires N, 5'o per cent). 

Oxidation of *-Phenyl-& a -hexenoic Acid.— -The acid (3*8 g.), just 
neutralised with caustic potash, was treated in cold with a solution of potas¬ 
sium per mangana te (6*32 g.) in water (300 c.c.). After the oxidation was com¬ 
plete mang anese dioxide was filtered off and the filtrate concentrated and acidi¬ 
fied. The sticky mass which separated was crystallised from hot water, m.p. 
i2i° and was identified as benzoic acid by mixed m.p. The filtrate was 
extracted with ether, dried and the substance recovered. A liquid having a 
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characteristic smell was obtained which was identified as butyric acid by its 
calcium salt. 

*-Phenyl-A h -hexenoic Acid .—Ethyl <x-phenyl-/?-hydroxyhexoate, pre¬ 
pared by the Fischer-Speier's method from the corresponding ^-hydroxy-acid 
of Ivanoff and Nicoloff (loc. cit.) was a colourless liquid, b.p 165°/io mm., 
D a3 °, 1*0236, and refractive index, 1*49514 at 33 0 . (Found : C, 71*05 ; 
H, 8*5. C 14 H ao 0 3 requires C, 71*18 ; H, 8*47 per cent). 

The effect of various dehydrating agents on ethyl a-phenyl-^-hydroxy- 
hexoate is given in the following table, the conditions of experiments and 
working being the same as in the corresponding cyclohexane compound. 

Table III. 


Reagent. 

Yield of the unsaturated ester. 

J. 

fir 

P* 0 6 

71% 

33*0 

95% 

SOClj 

60 

37 

5 -o 

POCI3 

50 

2-6 

4 -o 

KHSO4 

50 

2*0 

2*0 


It is evident, therefore, that phosphorus pentoxide is the best reagent 
for dehydration. The unsaturated ester fraction obtained by the dehydra¬ 
tion of ethyl ouphenyl-/ 3 -hydroxyhexoate by phosphorus pentoxide 
was hydrylysed in the cold and the crude unsaturated acid recovered in the 
usual manner. It was partially esterified and the pure ester obtained was 
then again hydrolysed in the cold and the acid recovered. 

a-Phenyl-A 6 -hexenoic acid is a liquid, b.p. i55°/io mm. The acid 
became a solid crystalline mass when cooled in a freezing mixture and 
melted at about -15 0 . The barium and calcium salts are soluble and the 
silver* and copper salts are insoluble. (Found: C, 75*65; H, 7*20; 
Equiv., 190*1 ; Ag in the silver salt, 36*01. C J2 H 14 0 2 requires C, 75*78 ; H, 
7*37 per cent; Equiv., 190*0. C l2 H 13 02Ag requires Ag, 36*6 per cent). 

The anilide was prepared by the method of Douglas Hardy (/. Chem. 
Soc ., 1936, 391). Aniline (2g.) was slowly added to a cooled solution of 
ethyl magensium iodide, prepared from magnesium (0*5 g.), ethyl iodide 
(4 g.) and dry ether (30 c.c.). When the evolution of ethane ceased ethyl 
ouphenyl-A^-hexenoate (1*5 g.) was added and the solution was warmed on a 
water-bath for 15 minutes. It was then decomposed with hydrochloric acid 
and the ether extract was washed with sodium bicarbonate solution. The 
solid recovered was recrystallised from benzene and petrol, m.p. *00°, Jt is 
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soluble in alcohol, ether, benzene and chloroform. (Found : N» 5-44* 
C 18 H 19 ON requires N, 5.28 per cent). 

Oxidation of (K-Phenyl-& b -hcxenoic Acid .—The acid (3*8 g.), just neutra¬ 
lised with caustic potash, was treated in the cold with a solution of potassium 
permanganate (6*32 g. in 300 c.c. of water). When the oxidation was 
complete, manganese dioxide was filtered off and the filtrate was concen 
tated and acidified and distilled in steam. The distillate, which w T as 
acidic, was extracted with ether. The ether layer was dried and ether 
removed. The residue was identified as propionic acid by converting' it into 
£-nitrobenzyl ester. The contents of the flask after steam distillation were 
extracted with ether and the ether removed w r hen a solid was obtained, m.p. 
152 0 , mixed m.p. with an authentic specimen of phenylmalonic acid, 

151-52 0 . 

Equilibrium and Mobility of the Acids. Conditions of Mobility and 

Equilibrium. Calculations of Mobility and Methods of Estimation. 

Mobility of the acids was determined tinder the standard conditions of 
^instead (/. Chem. Soc ., 1927, 2581) viz., heating the acid (1 mol.) with 
25% caustic potash (10 equiv.) on a boiling water-bath. These conditions 
were insufficient for determining the equilibrium in some cases, hence the 
mixture of the acid and caustic potash (proportion of the acid to caustic 
potash being the same as above) was boiled in a copper vessel. Experi¬ 
ments for determining the equilibrium were also made, in some cases, 
starting with mixtures of the acids. 

The percentage of a/ 3 - and fly-form in a mixture of the acids could be 
determined by the iodometric methods of Uustead and May Hoc. cit.). The 
iodine values of the pure acids (J) were first determined and then known 
mixtures of *3- and / 3 y- unsaturated acids were prepared and their iodine 
value (J) determined experimentally. A curve was then plotted with the 
iodine value (J) and the percentage compositions of the mixtures as co¬ 
ordinate. With the help of this curve, known as reference curve, it was 
possible to determine the percentage of a/ 3 - and fly-acids in a mixture 
recovered from the mobility and equilibration experiments. 

Mobility (M) was calculated according to the formula, 

M(Ki+K s ) = -^~ log -j~-x 

where T is the time in hours, E is the value of X at equilibrium and X is 
the change in the time T. 

6 
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The half change period was calculated according to the formula, 

Half change period °° j --— log,*. 

K i tKj 

The results are summarised in the following tables. 

Table IV* 

a-Phenylcyc/ohexylideneacetic acid^==^«-Phenylcydohexenylacetic 

acid. 

Time=i hour. Temperature**25 0 . 


Reference curve . 



% of «0 

... 0 10 

30 

5 ° 

70 

90 

100 


J 

... 89*77 82*5 

62*92 

4665 

37*9 

19*81 

248 



Determination of the point of 

equilibrium . 


No. of expt. 

Initial material. 

Time. 

Temp. 

J. a /3 as Equilibrium 

determined 
from Ref. curve. 

z 


aft 

6 hrs. 

B.p. 

5 

96 * 5 % 


2 


aft 

60 

*» 

8 'S 4 

92*5 


3 


*7 

6 

»» 

87-77 

2*5 


4 


fiy 

33 

*» 

82-44 

10 


5 

Mixture 

50 %«/S 

70 

II 

5477 

43 


6 

Mixture 

40% «0 

80 

• 1 

5687 

4 i 

42 %aft 

7 

Mixture 

42%«0 

70 

»• 

55-8 

42 




Determination 

of the Mobility . 










Mobility 
10 (Xj+XJ 

X 


aft 

32 

xoo* 

3*19 

98*5 

0*0062 

2 


aft 

xoo 

»» 

7*5 

93*5 

0*0x28 

3 


fiy 

60 

11 

88'o 

2*5 

0*0098 

4 


fty 

xoo 

*> 

87*5 

3 

0*0078 


Average mobility=10 (X, +X 9 ) =0*00954. 
Half change period =726 hours. 

Equilibrium =42%a& 
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Table V. 

<x-Phenyl-A a -hexenoic acid^==5^a-Phenyl*A ft -hexenoic acid. 






Time= 

i hour. 

Temperature *=30°. 


Reference 

curve. 





% of afi 

... 

0 10 

30 

50 

70 90 IOO 


J 

••• 34 'S 3**44 

24*95 

18*8 

12*7 5*65 2*2 


Determination of the Point of Equilibrium and Mobility . 

No. 

Acid. 

Temp. 

Time. 

j 

% of a/3 

Mobility Equilibrium. 





as found from 

the Ref. curve. 

10 (K^Kj). 

1* 

a/3 

ioo* 

36 hours 

5*2 

92 

0*2651 

2 

a/3 

»» 

IOO 

8*5 

8? 


3 * 

07 

it 

10 

18*4 

5 i 

0*881 

4 * 

Py 

,, 

36 

13*57 

67 

0*408 

5 * 

Py 

if 

50 

11*0 

75 

0*3957 

6 

Py 

ff 

IOO 

8-5 

87 

87% a P 


The mobility toas calculated from the results marked with*. 

Average mobility=io {K\ +K 2 ) =0*4874 
Half change period = 14*21 hours. 

Equilibrium = 87 % a/ 3 . 

Preparation of Esters. 

Ethyl a-phenylcyclohexylideneacetate was prepared from the dry 
silver salt of the pure cx-phenylcyc/ohexylideneacetic acid and ethyl 
iodide in the usual manner, b. p. i75°/i2mm., D i3 °, 1*03651, n u at 33°, 
1*52829 and J, the % of iodine absorbed under the standard conditions of 
^instead and May ( loc . cit.). (Found: [Kl]d, 72*5, Calc. 71*2). 

(Found: C, 78*6 ; H, 8 32. C 16 H 30 O a requires C, 78*69 ; H, 8*31 per 
cent). 

Ethyl a-phenylcyclohexenyl acetate was prepared from the dry silver 
salt of the corresponding pure acid, b. p. i7o°/i2 mm., D 38 °, 1.0384, 
no at 33 0 , 1-5177. (Found; [Rx]d, 71, Calc. [Rl] 071*2). (Found: 
C, 78*72 ; H, 8.32. C u H ao 0 3 requires C, 78 69 ; H, 8*31 per cent). 

Ethyl a-phenyl-A*-hexenoate, prepared from the dry silver salt, had 
b. p. 145-150712 mm., D„° t 0.99704 ; n*> at 33°. 1*50209. (Found: [Rl\d 
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64*53, Calc.[Rz,]i>, 64.29). (Found : C, 76*95 ; H, 8.4. C 14 H 18 0 3 requires 
C, 77*05 ; H, 8*3 per cent). 

Ethyl <*-Phenyl-A b -hexenoate. —The crude a-phenyl-A*-hexenoic acid 
was subjected to partial esteriiication for 2 hours, the following quantities 
being used : 1 mol. of the acid, 230 c. c. of absolute alcohol and 100 c. c. 

of iN-alcoholic hydrochloric acid. It was worked up as usual, b. p., i40°/io 
mm. 0*99604, tin at 33 0 , 1*49712 ; (Found: [R/,]n, 63*93, Calc.[Rz]i>, 
64*29). (Found;: C, 76*96; H, 8*41. C 14 H 18 O a requires 0,77*05; H, 8*3 
per cent). 

Equilibrium and Mobility of Esters : Conditions of Mobility 
and Equilibrium and Calculations of Mobility . 

The conditions used for mobility and equilibration experiments were 
those used by Kon and ^instead ( loc . cit.). The mobility was 
calculated according to the formula given on page 743 but in this case T is 
expressed in minutes. Half chage period was also calculated by the 
formula given on the same page. 

Method of Estimation: ^instead and May’s iodometric method was 
used throughout. Reference curve for the iodine value J and composition 
of mixtures was constructed as usual. 

The results of equilibration and mobility experiments are given in the 
following tables. 

Table VI. 

Ethyl o(-phenylcydohexylidene acetatev==^Ethyl aphenyl-cycfo- 

hexenyl acetate. 

Reference curve . 

Time = 1 hour. Temp.=30°. 

% of •& u. o 10 30 50 70 90 100 

J* ... 37*6 32*94 29*2 23*85 18*0 10*44 5*8 

Determination of the Position of Equilibrium and Mobility . 


No 

lniial ester. 

Time 

Temp. 

J. 

% of a0 

Mobility. 






Kx + K % 

1 

a /8 

24 hours 

25* 

6*9 

99*0 

0*0000258. 

2 

a 0 

100 


12*2 

84*0 

0*000148. 

3 

07 

100 

ft 

26*87 

39*0 

0*000130. 

4 

Mixture 75%a /3 

100 

M 

17*4 

71*0 

Equilibrium 

5 

Mixture 70% a/3 

100 

it 

16*4 

73*0 

72 % 


Average mobility =(/Ci +K a ) x io 4 =0*996. 
Half change period = 6950. 

Equilibrium — 72%<x/3 
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Table VII 

Ethyl «-phenyl-A a -hexenoate v-= ■ ^ Ethyl a-phenyl-A*-hexenoate. 
Reference curve . 


Time=i hour. Temps^o 0 . 


%of a$ 

... 0 

10 

0 

Cn 

O 

70 

90 

100 

J 

••• 3463 

31*6 

26*17 19*4 

I 2 ‘: 

* 5*5 

1*56. 

Determination of 

the Position of Equilibrium and 

Mobility. 


No 

Initial ester. 

Time. 

Temp. 

J. 

% of «0 

Mobility. 




• 


Kj + K% 

1 


5 hours 

25° 

i*8 

99*o 


2 

oj 3 

24 

»* 

3 *i 

95*o 


3 

By 

24 

•» 

3*o 

95*0 


4 

By 

10 

» 

8*1 

82*0 

0*003376 

5 

By 

5 

»» 

14*6 

64 0 

0*00376 


Average mobility (K \ + K%) x io 4 ■= 35'65 
Half change period **194*2 

Equilibrium — 95 % a /? 
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STUDIES IN ADSORPTION OF THE NEUR0T0XIN AND 
HAEMOLYSIN OF COBRA (NAJA NAJA) VENOM 
BY VARIOUS ADSORBENTS AT DIFFER¬ 
ENT P H , WITH A VIEW TO 
THEIR ISOLATION. 

By S. S. De and B. N. Ghosh. 

Dry cobra-venom (Naja Naja) has been found to contain as much as 
94 % protein. The different toxins and enzymes present in cobra-venom 
are always found in this protein fraction. In a previous paper (Ghosh and 
De, Indian J. Med . Res., 1937, 24 ^ 1175) it has been shown that by cata- 
phoresis of solutions of cobra-venom having different p H in presence of 
intercepting membranes of suitable porosity, the neurotoxin and the 
haemolysin can be freed from more than two-third of the proteins with 
which they are associated in the crude venom. Since further purification 
of the toxins by the above procedure did not prove successful, other 
methods of investigation were tried. Willstatter and co-workers ( Ber ., 
192a, 55, 3601) obtained satisfactory results in the purification of enzymes 
by their adsorption on suitable adsorbents and subsequent elution from 
the surface of these adsorbents. The problem of separation of the 
neurotoxin and haemolysin of cobra-venom from the admixed proteins, 
appears to be of a simpler nature to that of the enzymes. The adsorption 
of neurotoxin and haemolysin of cobra-venom by various adsorbents were 
therefore studied with a view to ascertain the possibility of their purification 
by this method. 


Adsorption by Silica Gel . 

The silica (Merck’s) was found to give faintly alkaline reaction in 
presence of water. It was, therefore, digested with strong hydrochloric acid 
and then washed with distilled water until free from acid and the p H of the 
wash-liquid was about 6*6. A suspension of this silica was prepared con¬ 
taining 208 mg. of SiO a per 10 c.c. Ten c.c. of the suspension were mixed 
with measured volumes of 1% solution of cobra-venom and the total 
volume made up with a water to 30 c.c. The mixture was then vigorously 
shaken for 1 hour in a shaker. After this operation the supernatant liquid 
was separated from the silica by centrifuging and its neurotoxin and 
haemolysin contents estimated. The neurotoxin was determined by 
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intramuscular injections into pigeons weighing 300-310 g. and the 
haemolysin was estimated in the way described in a previous paper 
(loc. cit.). The results are recorded in Tables I and II. Assuming that 
the neurotoxin and haemolysin are adsorbed specifically and independently 
of each other and that a particle of neurotoxin or haemolysin occupies one 
active point on the silica surface, an adsorption isotherm can be deduced 
following the same line of argument as was used in a previous paper (Ghosh, 
Indian J . Med. Res., 1936, 23 , 285). 

The equation is of the form 


p = (Ki + 0- ^(gi + q a - 4 goC _ (i) 

2 

where P represents the units of the toxin or lysin adsorbed, K 0 and K x are 
constants and C represents the units of toxin or lysin originally taken. 
(C — P) gives the number of units of free toxin or lysin as the case may 
be. The figures given under the heading “ Calculated ” in Table I 
and Table II are those calculated from the above equation. It will be 
noticed that the agreement between the observed and the calculated values 
is quite good. 


Table I. 


K a -26 3 . 


K o“222. 


Observed. 

Units of neurotoxin 


Calculated, 
Units of neurotoxin 


s of neurotoxm 
taken 

C. 

adsorbed. 

free. 

adsorbed. 

free. 

120 

95 

25 

90 

30 

180 

125 

55 

126 

54 

240 

150 

90 

151 

89 

300 

165 

135 

169 

131 


180 

180 

x8x 

179 

45 ° 

3 oq 

230 

192 

258 
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Table n. 


K\** 300. 180. 

Observed. Calculated. 


Units of 
haemolysin 

Units of haemolysin 

Units of haemolysin 

taken. 


-——-> 



C. 

adsorbed. 

free. 

adsorbed. 

free. 

120 

60 

60 

6x 

59 . 

z8o 

78 

102 

81 

99 

240 

92 

148 

94 

146 

300 

103 

197 

no 

190 

360 


245 

114 

246 

450 

130 

320 

131 

3*9 


Adsoiption by Aluminium Hydroxide C. 

The aluminium hydroxide C used in these experiments was prepared 
by Willst&tter's method (Ber. t 1923, 66, 149, 1117 ; 1924 57, 1082). 

A suspension of the gel was prepared such that it contained 228 mg. 
of A 1 2 0 3 per 10 c. c. Measured volumes of cobra-venom solution were 
mixed with 5 c. c. of the suspension of aluminium hydroxide C and the 
volume made up to 30 c. c. with water. The mixture was shaken for 
1 hour and then centrifuged. The supernatant solution was taken and its 
neurotoxin and haemolysin content estimated. The results are recorded 
in Tables III and IV. 

It will be noticed that the gel adsorbs both neurotoxin and haemolysin 
fairly strongly. The equation (t) is, however, found to be inapplicable in 
this case. This may be attributed to the fact that their adsorption is not 
specific as in the case of silica, and the inactive proteins, with which the 
toxins are mixed, interfere with their adsorption. 

Table III. 


1 C. c. of venom solution contains 100 units of neurotoxin. 


Vol. of 1% 
cobra-venom 
solution. 

Units of 
neurotoxiu 
taken. 

Units of 
neurotoxin 
free. 

Units of 
neurotoxm 
adsorbed. 

0*5 c .c. 

50 

30 

20 

X 

100 

66 

34 

2 

200 

150 

50 

4 

400 

316 

84 

6 

600 

500 

100 

xo 

1,000 

1857 

143 

12 

1,200 

1.043 

*57 
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Table IV, 

i C. c. of venom solution contains 30 units of haemolysin. 


Vol. of 
cobra-venom 
solution. 

Units of haemolvsin 
taken. 

Units of haemolysin 
free. 

Units of haemolysin 
adsorbed. 

0 5 c. c. 

15 

20*0 

5 *o 

t 

30 

23*0 

7 'o 

i *5 

45 

36*0 

9 *o 

2 

60 

50*0 

10*0 

4 

120 

104 3 

15*7 

zo 

300 

272*7 

27*3 


Comparison of Adsorbing Power of Different Substances . 


The adsorbents used in this experiment were silica, aluminium hydro¬ 
xides C and A, kaolin, kieselguhr and Fuller’s earth. The silica was 
prepared in the same way as described in the previous section. Aluminium 
hydroxides C and A were prepared according to the prescription of Wills- 
tatter and co-workers ( loc. cit.). The kaoiln, kieselguhr and Fuller's earth 
(Merck's) were washed with distilled water carefully until free from all 
electrolytes. Suspensions of these in water were then prepared such that 
10 c. c. of the suspension contained 200 mg. of solid in each case. Ten c.c. 
of the suspension were mixed with 1 c. c. of an 1% solution of cobra- 
venom and the final volume of the solution was made up to 30 c. c. by the 
addition of distilled water. It was shaken vigorously for 1 hour in a 
shaker and then centrifuged. The neurotoxin and the haemolysin contents 
of the supernatant liquid were determined. The results are recorded in 
Table V. It will be noticed that for the same weight of the adsorbents* 
their adsorbing power is in the order : silica > kaolin > aluminium hydro¬ 
xide C > aluminium hydroxide A > Fuller's earth > kieselguhr. 


Table V. 


Adsorbents. 

Units a 
neurotoxin. 

dsorbe d 
haemolysin. 

Adsorbents. 

Units 

neurotoxin. 

adsorbed 

haemolysin. 

Silica gel 

85 

64 

Alumina A 

44 

26 

Kaolin 

75 

56 

Fuller’s earth 

30 

19 

Alumina C 

58 

38 

Kieselguhr 

*5 

1$ 


7 
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Stability of the Neurotoxin of Cobra-venom at Different pm . 

It is of importance to know the effect of the reaction of the medium 
on the stability of neurotoxin of the cobra-venom in connection with the 
study of its adsorption at different pm- Since there are no available facts 
on this point, experiments were carried out to collect the necessary data. 
In each of a series of small conical flasks were placed 50 mg. of cobra- 
venom and 5 c.c. of water. The reactions of the solutions of venom 
were adjusted to the requisite values by adding dilute hydrochloric acid 
or caustic soda solutions and then to each of them were added 4 c.c. of 
buffer solutions of the desired pm . The final volume in each case was 
made up to 10 c.c. Immediately after the preparation of the solutions 
their neurotoxin content was ascertained by intramuscular injection into 
pigeons. After keeping the solutions for 6 hours at room temperature 
(about 30°) they were placed in a refrigerator at 4 0 and the neurotoxin 
content of the solutions was determined from time to time by diluting 
1 c.c. of the solution to 40 c.c. with water. The results are recorded in 
Table VI. It will be noticed that within 24 hours the destruction of 
j neurotoxin in dilute acid is not much, although in dilute alkaline solution 
it is quite appreciable. The stability of the neurotoxin appears to be 
maximum between pm 5*8 and 7*0. It may be stated in this connection 


that 

concentrated 

solutions 

of dry cobra-venom in distilled 

water has 

the pm 

5*8 - 6*o. 


Table VI. 



Pm. 

at start. 

M. I<. D. i n c c. 0 f 

after 6 hours. 24 hours. 

the diluted 

7 x 24 hours. 

solution 

24x24 hours 

3*0 

0*8 

o*8 

0*85 

2*3 

2*6 

3*6 

0*8 

o*8 

o*8 

1*2 

i -45 

5*8 

0*8 

o*8 

0*8 

0*85 

0-9 

7-0 

o*8 

o*8 

o-8 

0*85 

0*9 

8*2 

o*8 

o*8 

o*8 

0*9 

2*2 

9*6 

o*8 

o*8 

0*85 

x *35 

17 

N/ioo-NiwH — 

2*0 

2*3 

3*0 

6-9 
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Effect of Hydrogen ion Concentration on Adsorption . 

It has been observed that silica gel adsorbs neurotoxin and haetnolysin 
very strongly. Experiments were, therefore, carried out with this gel at 
different p H with a view to determine its effect on the adsorption of 
neurotoxin and haemolysin. For this purpose io c.c. of o*i% cobra-venom 
solution were mixed with 8 c.c. of water and adjusted to requisite pm, 
io c.c. of silica suspension (200 mg.) of the same pm were then added to 
it and the volume of the mixture made up to 30 c.c. with distilled water. 
It was then vigorously shaken for 45 minutes in a shaker. The neurotoxin 
and haemolysin contents of the supernatant solutions were then determined. 
The results are recorded in Table VII. It is evident from these data that 
the adsorptive power of the gel increases with the increase of pm • 


Table VII. 


p*> 

Unit!> of neurotoxin adsorbed. 

Units of haemolysin adsorbed. 

4*8 

58 

x 5'7 

6*o 

66 

* 7*3 

7 *o 

70 

19*4 

8-2 

76 

20*6 

9*4 

85 

22*4 


Purification of Cobra-neurotoxin by Adsorption on and Elution from the 

Surface of Silica Gel . 

From the data recorded in the previous sections it will be noticed 
that silica gel adsorbs the neurotoxin of cobra-venom very strongly. Since 
the neurotoxin is a substance of pronounced basic character (Ghosh and 
Dfc, loc . eft.) attempts were made to elute it from silica gel on which it has 
been previously adsorbed by treatment with solutions of hydrochloric acid 
of different concentrations. Use of N/2-HCI was found to give fairly 
good results. With less dilute acid the amount of neurotoxin eluted was 
Smaller, while with more concentrated acid the destruction of the 
the toxins became considerable even during the period of the experiment. 
The procedure adopted is as follows 200 rag. of silica gel, on which 
the neurotoxin was previously adsorbed in the manner described already, 
was shaken with 10 c.c. of N/2-HCI in a shaker for 30 minutes. The 
mixture was then centrifuged and the neurotoxin and nitrogen contents 
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of the supernatant solution were determined. The results are recorded 
in Table VIII. The units of neurotoxin per mg. of N* of dry cobra- 
venom is found to be i6*6. It will be noticed from the data recorded 
in Table VIII that after elution from silica surface the solution 
contains 25*3 units of neurotoxin per mg. of nitrogen. Therefore purifica¬ 
tion attained is only 1*5 times. In the case of haemolysin no purification 
could be effected, on the contrary, it has become contaminated with more 
protein. 

Table VIII. 


Units of neurotoxin 
taken. elnted. 

Total N s . 

Nenrotoxin 
per mg. of Nj. 

Units per 1 mg. of N* 
(purified venom). 





Units per 1 mg. of Nj 
(crude venom). 

ISO 

48 

i-88 mg. 

25*5 ^ts 

i *5 

240 

55 

a'32 

23*7 

1*4 

360 

60 

2'SO 

24*0 

i*4 



Table IX. 


Units of haemolysin 
taken* elated. 

Total N,. 

Haemolysin 
per mg. of N s . 

Units per 1 mg of N| 
(purified venom). 





Units per 1 mg. of Nf 
(crude venom). 

190 

20 

i*88 mg. 

10*6 units 

o‘6 

240 

38 

3*32 

12*1 

o‘7 

360 

33 

2*5 

13*2 

0*8 


This method alone, therefore, does not lead to encouraging results. In 
the subsequent experiments, a combination of this with other methods were 
tried. Part of the inactive proteins were first removed by precipitation by 
treatment with Na fl S 0 4 , the concentration of the salt in the final mixture 
being 22%. The mixture, after one hour was centrifuged and the superna¬ 
tant solution containing the greater part of the neurotoxin was shaken with 
silica gel at different pa. The silica was then separated by centrifuging and 
shaken with 15 c. c. of N / 2-HCl for 30 minutes. The results are recorded in 
Table X. It will be noticed that the maximum purification is effected 
when the neurotoxin is adsorbed on the silica gel between pa 3*6 and pa 5*0 
and for the same nitrogen content it amounts to 47 times that of the crude 
dry venom. 
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Table X. 


pB at which neuro* 
toxin is adsorbed. 

Neuro- 
toxin eluted. 

Amount of Nj in the 
elute. 

Purification 

attained. 

36 

29 units 

°*373 mg. 

4*7 times 

5 ’° 

40 

051 

4 7 

6*o 

52 

0*672 

4*6 

7*4 

57 

o'86 

4 *o 

9*6 

7 « 

i*ii 

3*9 


Summary. 


1. The adsorption of neurotoxin and liaemolysin of cobra (Naja Naja ) 
by a number of adsorbents has been determined. The adsorbing power of 
the different substances has been found to be in the following order : 

Silica > Kaolin > Alumina C > Alumina A > Fuller's earth > 
Kieselguhr. 

2. In the case of silica, the adsorption of neurotoxin and haemolysin 
has been found to inerease with increasing pn of the silica suspension. 

3. The stability of the neurotoxin has been determined at different pm . 
It has been found to be maximum between pm 5*8 and pm 7*o. 

4. By combining the process of adsorption and elution with fractional 
precipitation of non-toxic proteins by sodium sulphate, it has been possible 
to concentrate the neurotoxin in a protein fraction which is 21*3% of the 
protein present in the crude venom. 

Applied Chemistry Laboratory, 

University College of Science 

and Technology, Received November n, 1937. 

Calcutta. 
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Erzeugung ion Elsan and Stahl. —Von Prof. Dr.-Ing. Robert 
Durrer, Vorstand des Eisenhuttenmannischen Instituts der 
Technischbn Hochschule, Berlin. (Tbchnische Portschrittsberichte 
Band 39) VIII, 159, pp. with 78 figures. Dresden 1936; Theodor 
Steinkopff. R. M. io-, bound R. M. 11. - . 

This book constitutes one of the series of the Reports on the Progress 
of Chemical Technology edited by Prof. Dr. B. Rassow of Leipzig. The 
purpose of this monograph is to present a brief survey of the latest develop* 
ments in the production of iron and steel. As the book is intended mainly 
for the technical chemists, emphasis is laid more on the metallurgical than 
on the constructional aspect of the treatment ; this, however, does not 
extend so far into details as are to be found in a book meant for workers 
in an iron factory. 

After a discussion on the general metallurgy of the production of 
pig iron, dealing with the various systems composed of iron, oxygen, carbon 
and hydrogen, descriptions of the blast-furnace and the electric furnace 
processes for pig iron have been given. 

In the case of steel, various processes for the production of weld and 
ingot steel have been described. A discussion of the metallurgical reactions, 
involved in various systems composed of iron, oxygen, carbon, silicon, 
manganese, phosphorus and sulphur in the production of ingot steel, is a 
noteworthy feature of the book. An account of the production of steel in 
electric furnaces has been given in the final chapter. 

The literature references at the end of each section, though not quite 
complete, is still fairly abundant for all practical purposes. 

The book can be recommended to students of metallurgy and technical 
chemistry, as well as to those actually engaged in research work in this 
field. 

P. R. 

Lab orator y Manual of Organic Chemistry — By B. B. Dey and 
M. V. S- Raman . Published by G. Srinivasachari and Sons, Mount 
Road, Madras, pp. X +234+158 +XLV. 

The book is divided into two parts, part I is intended to fulfil the 
requirements of the elementary students, while part II should be suitable 
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for the advanced students. In part I the authors have fully dealt with the 
practical details of simple operations in organic chemistry, e.g. t crystallisa¬ 
tion, steam and vacuum distillation, extraction with solvents, etc. and have 
also given an outline of the technique used in the manipulation of small 
quantities of substances. The description of all these processes bears 
eloquent testimony to the experience of the authors in giving practical 
training to the students. 

The identification of organic compounds is often a bugbear to the 
general students and all teachers of organic chemistry would agree with 
the authors that u The tendency of students to submit scrappy records of 
organic analysis is a common enough experience and is to be attributed 
mainly to the students* idea that the spotting of the substance being his 
main if not the only problem, the method of experimentation and observa 
tions leading to the typification and final identification of a substance might 
usually be given a secondary place.*' In order to dissuade the students 
from this wrong idea, the authors have given in an admirable way the 
methods to be followed in the identification of commoner organic compounds 
and the systematic scheme thus drawn up is sure to lead to the identifica¬ 
tion of even complex organic compounds. The authors have also detailed 
the methods for the preparation of simpler derivatives of these compounds 
always illustrating by typical examples. Finally * a few model analyses 
have been given with a view to help the student in picking up the procedure 
of recording observations systematically and intelligently and drawing 
conclusions logically*. 

As regards the preparation of organic compounds it is noticed that the 
preparations, which have been selected most judiciously, illustrate the main 
reactions in organic chemistry and the second part also contains organic 
preparations of an advanced character illustrative of special reactions 
requiring manipulative skill and experimental technique. 

The methods for the quantitative estimations of the elements and 
also of typical groups in organic compounds have also been enumerated 
with as much practical detail as possible within the small compass of the 
volume. To add to the usefulness of the book various appendices contain¬ 
ing the physical and chemical constants of substances and a complete Index 
have also been added. It would, however, have been more advantageous 
if the index to the two parts were not given separately and the numbering 
of the pages in the two parts were made continuous. 

Although there are valuable and separate treatises on organic prepara¬ 
tions, on the estimation of the elements and groups in organic compounds 
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and on the identification of organic compounds, this volume is exceptional 
inasmuch as it contains in itself the preparation, the estimation and the 
identification of organic compounds and records the minutest practical 
details so lucidly that students possessing this book may cany on organic 
practical work without the guidance of a teacher. The authors should be 
congratulated for supplying to the students and teachers a valuable and 
useful treatise of this type. 

The get up and printing of the book leave nothing to be desired. 

I). C. 
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